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. i(4JU,aJI 4-ilfc <4£j^JI ^jVu 1 JajJI tjUSlia 

4A t . u a, <l">ninj LoS . «j»_jIxJI dljL» <Lx^l> <uIjSJI ioA 
4lmlin ^aj 'jjjiJI <UlSj ^iilmll dj&j . jjjSjAaVl jjjuljjl 

4 ti n9"i ^Aj . Lt -ttt A LUjLxm tUaltJI ysl _jJaJI 

j S i. n . 1 iiVn ii i .^igfflMi.ll jiUajJI f-ljj Uj ,^i urn nil 
ojjJI) SjaaJI jj^j ^juuil JjiuJI jaili jjjU 
. ...fLuail! ^iudtj .j\pJd! JLukl j ,(4 i'iiIII 
{luiS jflojj ilfouil uUSJI Jaaj ^jjJI illiaJI ■ 'U^'ij 

,<UaltJI ii jJaoJt j^ku ,< j i5 Ihnll « 
' jaJLxJt jlxlj .itljjJI ^(j'l'irt j .juujj olaS nJiluaJI ium'ii 

^1 j-a.Ltij 1920 j>lt Uiujj ^ Jj lijiuKr ^U^ul ■ 
Jljj 5* IjiUJ <Ua Lu (>1Sj^j j . 1923 jilx <UaI djjj 
jujj .1940 4lui ^ ""<H slj^jjl ji^ixJI jjj^jj^JlSa 
^Jli 6u 1958 j»U (jkuj OuLa <U ^xaJi '•-'""< 11 
Jjl j <»jwX ilalill ^ S j it in iuaS Jji <U Cijuii .AjUSJJ 
<U$ ^jLoy JS jt oiS . jjjMUl ^5 ^,^1x11 JLaJI uliS 
uiS aiui i^aj^ i.iWtl . ijjflMirt iil^a 365 jj^i UJLa 
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.L.U j&$ JljJy 4 >i Jb-lj Jju^ loVUJl oJLa 

.j>-T JU« il^^y (j^UjV 4 ftUiSil jUiil <iy^a> <£jif ^Ijf cJj 

cIpj-^. yLS jJl Doubleday «^IjJLoi [jb] ^J, t 1958 ^^J/^liJl 
4-»Ji_»t utj t$t t> s- =^ <jf • 1962 JU* olJd>*. ^ JrflJu 

ULp-f 4_^St JLij .JjJLp oVLLjl oJi* 'OyS ^i>j t jb4 ^JUI JSLiJL 

4t)_^3t ^J.J ^Jj ^jUJLi .^»lj_JLJ ^jltil ^ ^kj>- 4IA* ^\ 

. j-sl-. JJ 41^" Jli* jp liJbin ^ I JL2* 4 superconductivity 

The Magazine of Fantasy and Science Fiction. (*) 



. ob^ Sji ^ Uj jlS" Up a J^ke- 

Jb-lj Jj4 . oMUJl oJla JS" 4_y^a>w 4jCU <Ujj 

<— i j-d iiy ( J_J ^jj t i^f~& >— iSjf tji ./r*>-L- » . ijis&t ja L*Ji?-f 
jf JJ <JjtJ c^S L** j£\ <. JLiJl iL^ jUj t gJlpt (^JlJI ^j-^j_JI jp 

• <£*yry. UlSj tisJU ^l-*- 

•-rr-i *b— '-KA^ t^i cf^'j 'cf* 1 ^ 1 c^-J 

N ft^jliJI oLS' jJ L*5 tLLj^-f 5jiji«j Jj t Uib iJLj^ JjL-j ^Lk^f 

Ojij-f&i tj^lit jjfj-i ^jJJI jt iSjy^ J* (>* J^'j 

r t^»j .ixjl li* ^ JJU^I ^ *>U- ^"fj . JJ ^ Uji^u ^ j^f Jl 
.^oL^Ji jUjj i j&iJi j-jtij t ^jJi *J^>«; <j>[ij\ *~j>[jJ\ ^.ijb-Vij 

«jj>»* ^j'jJ ^ i<*^>^ oly»lkJl J£ jf ^1 . «L*jJl iilj} 
^JLiJl Sj-Sj J^;— -Jl t-AjJf tJ*Vl SJb^uJl ol/iljJl .5Jb-lj 

jlj U. Tj-;^ TjlJii. L-«>>«j til^ j£ oL>Jl J«>« U*Lb>-l jV diJi 

4jf H\ l^U j± 
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of tj»JL. J-£-_» ^JLj o ^Jl jJl«JU .jJLJL; Ijla ojLiJ wo^lj 

olS" .<_$ y^f iJl — ',[ iisu-lj ^;f t. j-sJl LJlp- ofj USUI* U 

|J l y~>- tUUJf t ii.sLs_yl jS> jLS\ <>Zys- J*>- (_$JL5l t- { y^> 
Ol >y\ t-^fr^i -J^ 1 <i>- t A^— >JI iJl ^JjiJ J^Nl j;-l~Ji JS" Ji*; 

^Jl Sj^3_Jl SjUUI JUpVI JS" 4_JLJ)ll J-Sp ^ JLi j^JLJI ^ JVI 
^ oL-jVl cMj>«_« tOj^_Jlj ojj-_IL>j t^j-ij (jJlS - k — ;V jp>- ^ai ^JJI 

^-Jal J _4X-j*>U V| < _ ? *»LJI ^ ^j-ij^ (J c aJL«j>J| Oj~i)lj 5jL<_0l 

lUASl—JLo ^ JbJ_j Jl* t4_«l-L>__-l JL51 jJUJLi t_J ^ 

tSj-k-- i^jj ^1 AJU?jf (^JUI jL^-Ni ^l»Li_. J-*-* ^1 

JjicJl j-jP ,£^_Jl c jU_4 ^[j 4_-jJl>J| ^JaJt ^Ji7 

t A_.j_. eJ-^i-; ^---Jlj sL>JI LJ| J^jxj ( ^ toif t|jL>Jl i-_fcf Li 
t i^f ^f ,0^ o-- 

i Jlj <jL jji of t-Jfo 

t L_^kw, U_if jjLJl ^ ^ liUIi tU^ji t^JUl _p_Jl JLp ^Ijiil 
Jj_s- tjLU jjj «(^a;)» V US lij ^-j — J5Lto _JJi JjuU of U_k»j _ijSj 

^ ijJLJi jdj-^i oV-^i tr- 2 -^ -cr 1 * ^ r*^ '^^ b - 

,JLp ^ SJUJUJI oVL-Jl SJL_*pL .L-JliT jJSSVl . oLj-i" 



Jt>UJl C-J □ 10 



J^j L4L.L& JjVl 0>Sj- i-JjjjVl jjJI oli> oLLi^Jl 

. 12500 

C-Jj .jS\ alApt JjlJ 4 JK % ciJjU^Jl ^ ^ 

•ibSj _ JiVl JU> ^| V-JL - s y.-^- ^V- ^ 'J* ■ JL *^ 1 «>• ^O* 31 



v , 

Harold Clayton t^Jj-> Oj-i^L-S' jlJjjI_ai ^^^.Vl ^L-^SUl 

.Sju*~. v-L. t dJLL" ^ ,Jj .(1981 - 1893)Urey 

oi* l _ J -As<ai^" oub OjjJj .1939 Kj^ild\jiy>- ^ SilfJi 

.((i>f alj* J[ ^U^l dUJJj - US' oUki* ^ 

jlS . JjJiJl i>J ^ iLLio ^^U c-j^M»fj tL^JjS' [<t**U-] c~jo nJjkt 



cW-aJi ;L_ ; □ 14 

,J * jJ-, US ^.Vl IJl* of ^1 . . ^tf j ^ vULi. Jb-t jj) . 

.(jS"Jb oLi IS 

JyCU-j . ^L.f JL?-jJl J~~Jl oLS S[ tJ-'lS' 5jL->- i Jm Ijjbj 

•ju T^JL. : JU ^ ^'f cjxS Li . .j-iUdJ Ui, <( ^l j^i 

a* *rM Jl t^ 1 -; <— L> «i|L>_h» >t* -o-^l-i ^jJI Ljfj ^ 

• .*UiiJl Ml p+Ul 4Jj ^i ^f A^aijJ j& (J t£»UJl ^ 
: b-l Ijs- ,y>j*j .C-JUii .j-jiaJl JOo Sij*)l ^ t_Jil» .tilU; <-il jXp^I 
x^j til^Jl ^ *^ <**Lp -Kr* 4 V^Js^' *L*-£3l i~»l j«Jij j 

cJL* ^yii c j-~*l>j . *~m\-J iSf-U6 A-^JO*! ^1 U>» J* 

. .iJ^js^i ^>U*JI of si;L.Vi tilj-Ji 

Jj_~ J* J_^t jj lip : jL^L) U^L>- o jJL- ^f dJUi JU> !Uf 

<y J^j-*" *^ iji ^-r*^ ^ ^1 Jr 9 " <-'^>- <^r-j 

II*j . .Lfl^UI ^ ^la_^li tilj-Jl ^ i— I ji ^Lwl ^1 jj£ ^f 

• ->-*J-Ai Js» ^I^U^ Ji* jib ,J a^Jj .Ul^ ^ ^^aUi dJUjbj t 4ljf 
t jL-^Ml TjjUw« Jj_»c* ^ T ^f cJUas-j . zsjj % ^yJl cJLi ij 

jf v_ikL «(^ljj-j» jj-^l of 'Js> .-.i»,aII j>* OL^ t^aJl dJUi jLU 
^ iKJl cJLT p.. t 1940 a— .LJI J J{j ^ ol^ <jf g . .a>^ 
^ «t|bje» otf tWillkie s^^Ljs jijjf j_L*_;U>Jk^ 



15 o lijj JLUtVl Os ^ 

J*^» • J* £ J *' >- <• (^"Jl ^ i»S jt£ <bf t J>Jlj . (I JUjJI jL>- 

dLjJojn ^Uaj^Jl ^U-SJl ^Ji tl913 i,l£>Jl fx; 
t U ^r-s*^ olji jf JLp a->J ls*>o- (1957 - 1877) Frederick Soddy 
(»— I L+Ae J&>\ t JS\ jf JLp jj& JLi Jj tilJL^a Sjj^L, c — J 

.ijrtfcJli 

a« J-*p (iJJlj SJU%.jj_J ^ a^ljjl t (1937 - 1871) Ernest Rutherford 

l$Ul JjUJl 01 li_Aj .iilik* £_wal l^aJUa>- j^i t^L, tLjjUjj^Jl 

cs*J t^iSyJt 1*~J jf ^jd^l! ibVl «Oj>A>» fJi tl914 

j-S'Vl ^jJl jfj ujjJJjJl)) oLwf iJb-lj C(j;>-JjJUfJl SljJ 

1836 J*-\jJ\ tdyjj^\n *isS .SOUyj^jj iPj*^ ^ c_dJt^ cTjUahJ 

t jj^Nl i^i iujJl ^jLj iLJL^I AT^-i jf c jj>£Ml iJbS ^wi 
Ojj^SCNl i^ij (1 +) ^ jjJ^jjJl 5j>«-ii . k~£\ju> i^J» oli cJl^ d\j 

•(1 ") 



J^oJl SL-J □ 16 



jji^-^ij .J**^ c)f Jj N t LjjI y £J^"" (92) » — >.Jj j^iVl oli 

.J^UJI ^1^(92) 

il^ (238) «_<U^ jj-fttij oUJj jjrt* t^jLJ p_JljjJl oljJ ibS" 

jjJJI) ils-j-Jl JjLlJ ^Ijj-i ^^r*! tjjJiiJl l-U ^Js> *_ild!>Uj .OjJjjJl 

lfs«a.iu t5 «JLi oLyj^lNlj oUjjjjJJ aJLj^SJI oL>«-iJi c~»b Li idUi 

OjjJli Oj-^i <i~>«j tjjJijj-Jl ib5 (238) j^Ljj oLjj 
i^Uoj i-JLj-jS' i>«Ji oli p-^bjc^' "j' -238 : p^jj-U ^jiJl 
.92 yb pJljjJJ «tjjjiJl iJUJlj jli (92) j^*— Jj £j>«Ji c£jt-~ 1 

tLoj-iJ UjJjjJl l$J «jf (^f tOjj^Jl /OjJjjJl £jj ^^L^osJ 

dLS toLj-JijJI ^ J£io L^L; JUipl (^JUI ij»~~>Jl IIa Ji« 

James Chadwick «dLjjLlj* (J-^jU-)) ^yUaj^Jl ^IjJjaII 1 1932 VI 

^jj oLX. Jt_>Jl ^ JL^Jlj uOjj-Jj-^Jn eLwf ^Ul (1974 - 1891) 

.(o/146ju/92) kjyjJ O^jt) '^jjji us^J 

JU^ j-^aal oj— tr .^Jl ^jLi)! J-JUd LjiU.; .^IkJl 
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.1932 

(92) 'J us^l 4|>^ ^ "V^i* 'fW-U-s" 'Lp (V*^ c£>-» ol 
Jj->*« ( _y»J yi cSjJULJ i-JLw^Jl ^^aJUxkJl jlij. \Saj t 92 ^ UoJIp 

.jJcii toljJi (<k5'i of 
'i/js*^ /ifJl^Jl ^Uj-rill > *1935 fUJl Jj&A, 

i |»j_Jl ol ji 4 (1950 - 1886) Arthur Jeffery Dempster i iSj-^r 
u^Jj "^J J KjJjj, (92) jjil J\ iiUl- 

: y» Jb£Jl iJuJl Of VI t 92 cSjJdl aJuJl ,ybj . .(146 ^j) fcjjijJ (143) 
Ol^JiJ L**, t 235 f^-Jljjij t 238 ^Ijji idSl LjoJU .235= 143 + 92 

V tJL^tJL ijL«L. OLX 0l-A>-l>j Vj .iw-JaJl ^ ij>->Jl fj-Iljj-U 

Sji js j_.il. ^i^i jj .dUJS Uj& oL ^ jilkJI i>; ^ *^ 

.238 - ^Ijji Sji (140) jjj-jjfj iU ti^JaJl ^ 235 - fj-Jljji. 

iJLiJI OljiJU <Uoi> ^-.Iji ^jA 4 jJlkJl ^ J-fj-I 

uLt > "5 l ^UuiVli . A-^]* ±JlkJ> iLij CJlS" (clilJ Of . I^JUUj ii^j 
^1 ol jJdl t ^.Vl Jjf iLdl ol jJJl t^^-. J*-L| V *jf iJbj t 1896 
Tju>- iib>*« i_*JLjl oljJJI ojuj . L-J Ljj t—A^-f olji LJUii JJUjS 

l^d^JLl Uij>-j ^^a^l Ljj jJUiJl 01 JjiJl tiiUJl oljJJI 

. icJUJI ^bJI dJLL" JLp 

ji^^auJl (90 ^jJUl iJuJl) p^jjiJlj (92 ^jJJl iO*Jl) pJljjJl 01* 
JUJI ^1 ^ t Lfc 0l<i-o V oUiO icJJl J ^Ji^lyJl ^JLJI 
JU; pJljjJI Of Vi .(82 ^jjJl jjuJI) ^U^JI cculill ^^jJI jySi 

V J 1 *"* 0t 0=^ 4(206. ^U^JI) ly^yJ (124) ^.^Lpj 

M/j-*j-sJ ( 126 ) oi^J ^jj-j ( 82 ) o^^j os^ 1 oli ty ,L -^j 
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.(208-^U^ll) 

^LstfjJLi . i_ibihu4 tl. JaJU^i « ;; la II Ofj cJ-iVl 

Ojj lij 1 208 _ ^ysU^^L; Lip Oj£j Of k— t^jjjjlll oL»L>- ^ ^-^>«1m^»JI 
jJL>- t 1914 ^UJI . p-JljjJl oLiU gJbJl ^L^jJl ^ ^S"f ^ji 
Liy iJL* jf tiiJb^t jiL^. ^U^jJLJ gjjjJl oj^Jl t^Luj i^i^-i 

• tSjiJl oj^Jl AiLl^l 
*Jli Jb- ^ J^£-~i ' J\iaJ OoliJl ^1 j-^P OjS" 0} 

«JI LfJ o^Ls- V ^Up J<^j& jJlfcJl 0J-. oLJ>l v^^ikjl OLSj 

^jjJI 0j>JI ,y Tj~^ tjjU j^k; N t ( ( _y»U<»^Jl j5p) oliil j^L«Jl ol 

. ^ yUaJl iaJUJl ^jJu ja Uji lfl^f jf c ifilil* LjJl ji 0 U| 
ii> dUU* Sjj^ Uijtfl IS|) jJlkJl J*ai lisUj^i liL.j 

Of V| . -LJL*^! ^^aJL^akJl ^ (JjUJl j-t SiliNl 4 j^-JiL* J-soiJ ioU 

UaJL>- UlU*- Lit ^jiclj . t+.fJbS' Jb-ljJl ^^jJl I jJiJ i_jih>«j>j 

Otf i^ij— .i ^) ^,„., k , ; « J_a>- ^p £jl— ^Oij^ 1 u*-** J 1 * tfj* 

LoLj-^S' ij_>^JUJl (^>Jl-i . (^jJl IJla Jl* *L£ djiyu OjjjljJ-iJl 
cibS" ^Vl (i^Jl Of Ujj Ua>- £pj t [ ( _ 5 >Ja,V.»Jl] JisJl ^» J*^5 

OjJj liLi . JjLL «L>ul Jif dj-£> 1*^^ 0U fcSj^ <JUap 
<Jy« (iviu^Jl) S^fkJI Sjj-^aJl 0i* t-ui'j^y* I/"* UjL-« tS>Jl 

(Joseph i0j—«y 0>>- ^ylkjjJl ^Uj-aJI J»-V tl912 

<S*j J ^ Ja * JI J- 1, ( 194 ° ■ 1856)John Thomson) 

jJLkJl ^L. jUI Ujup ^Jj dJuk ^ Tj^b j& jj .iiii.uJl Oj-JI 

. 0 jJJ jjij-iai 0_^j aaJL^I L« 01 I JU i ^Ul ^LJl 
William Aston i0 ^LJj ( _ ri — J^Ji t i0j~«yi ^JLpL^* Ju»-f ^lij 
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J_Ji»Jl J_*^> IjLp- ^L,^ jJV\ i-J jju (1945 - 1877) Francis 

• t/U-^j-Jj-^ 1 p^ 1 ^ SJb -'j t5» t5>Jl J-S" caJ (J .,.. <i k.-^.Jl 
jUVl j>«j .mass spectrograph »ik£Jl iil .la jl^Ji ^ 

oLj*^]l ^L-^ c jUVl «Jl* SjJ 4j ftkJl j£,f t i*jlJI 

j-sa'..«-H jj ^ JSLij Oj-Jl J-*» j-t ijji-lj ^SUj 4 1919 i—j 

ja jLS" 4 J*u JO j_liJlj 20 _ OjJI ^ eJLS" (9/10) o^Jl olji jLipf 
.20.2 jjJU ^jJJl jj^Jl OlS" liU ^ IJUj .22_jjJl 
j_Ji; oLiiS"! ^ 4<b£Jl vJLk_* £•> tci; ^1 oI^lJI ^) 

tjj-J 5ji uiJf of oVl <-»j-^j .21_jj-Jl j-a tOj-JJ <iJLJ 

.21_0j-J olji t22_OjJ S>88j 4 20 -OjJ olji 909 dUU 

v>~*- Lji^ jju, ^jjji Ajjj (pL-u, t j^t jf jij-ii; & d j^tJi 

t Jaj^iJL i^>w» Tilopf i-jjUl LfJIjjt ^jLJ ^UJi ^ ijip dUU* 

i23_ ^jjj—sJl ^jij^sJlj tiuu W-j^l ^ j^^LiJl ..jiiLo tjLiJI 
ja cJljSi\j t 31 . jji^jJ^\ jy^j-i}^ 427.^5^^1 fj-u^Vlj 
4127. ajJI i^Jlj 475-dL^.jVl ^ (^JjjJ^dJL-jVlj t 59-cJUjS3l 

. . . liS^j 4 198 _ 4_j»JUI ^ v_jkjj|j 
4 ( j -ILp ic-J iJLjb) Jb-ljJl iij>Jl ^jjJl ob j-^LjJI oJIa JU>- ^ 

PaulKohman Jji OUj^i ^/^Vl ^U^l ^| tt __J| li^ 
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.nuclide tSJb^ii ^ji l _y> — j of il947 ( - 1916) Truman 
i-JiS' i y>*j> J-^ of (^» ciLit ^\ j-s> {. Tjl ^jcJI I Jla J_^,v»Jj 
01 r * .L-^^l ^ N ^ i_UJI J 1+11—^1 j^j jJl (j jUiJi 

JUSkJL. j . dicJL. jJILJi C~L1 cfJUJUj I$i5 i^Uk^l ^JlkJl 

L>i>-f . 5Jb-lj SJiyJ j-^* t^V i <**iwJl jJLkJl i-Xp 

sJbj_> j-*4£S- dDLjk Oj& ,jJi t il*£>vjl 4_*JL«JI ^JlkJl jLw->Jlj 

J-£ ,yj iijJl Jp LjJUxL-l jSUj (j-Jiii oi» niLliJ .SJLj>-Ij 

yUaJ i,>-j illljlil Us-lj t^i* jjiiU df Jj ^-iJj . js>- 

^tfjVl Tjl>- iji oljjt olS j-^b* juStdL »iUU> 

eJUb J_i* J cijJ^ ^JUlj .jJlkJl ^ C-jU iJLP i^jU ^ tviJUi £ij 

^S>Vl ^'1-^11 fd£^«l JLii . 1929 fc- t£jU» Jli* i*Jj 

ol_ia_* (1982 - 1895) William Francis Giauque liJj-^r o**-* fWj« 
16,^, > <Vl : j-JULJ i_J">L_? ^ Udy ^^SHS of ^-L^ *L£Jl 

(9,976) ju^J t Sji (10000) J_S ^ y> *\ a6-&>*~£H\ tSJL^u 

. 17 _ js^-tf ol ji (4)j 18 . js^l Sji (20)j 1 16 _ j-^w.Tf 5jS 

ojJlII OljjVl jJl— Oj— jij (16.0000) iijL-j j->^5SJ ^jJJI oj>Jl 
^jJUl oj^U li* »J^p t 1929 ^UJI .^-UJI li* bUi-l ^ 
iLiS Ij-JL_J tln? - ! JL-; j -- J JJl of ^ t i < ^Jl-..^./Jl 

c>J -V^-^ 1 ,:, -'-> JLJ, o- 1 ^ ' 16.0000 = 16 - jj;*-5VI 
iL_^L-. — • ^1 Oj-sSL^j-siJIj o^-JL^Jl J_^_r t 1961 
OjjJl JjJisr ^ Tjl>- li* olSJ .^-LU^ 12.0000 = 12_o^jS3l 

of JSlsi\ j£J J UJU» Ju 16.0000 = j->^Vl ^-U. Oj5^ Ji 



21 □ lijj J^J\ Ou 



^ jSlkJl ^iki«J cJlS* lib 
01 £-aj .dUJLS" C — J Ljjf yk Ljb Ju> m iaJLiJl O^i t \i y /i\L> 

JjljjJl ^ JLJ1 - Jk ^1 4o -L- Vl ^ I «■■■■»•. ^ ijL^Ji ^UaiJi 
^ ^ULi ^ikiJ J*"*>- JU^I jij i)L* . JL^S j\ JL>jj ^ 

Arthur Becket i^Vtf CgSb ^JjTi ^/^Vl ^lU-^Jl jUt t 1913 

fUj j^Ua* t *LJl ^ <Jk±*A ro*-^ Lamb (1950 - 1880) 

l^K i-P>Jl jljjVl o*L>J tU*j i^Li^. *UI ^iLJ cJlS" 

,J*l*j .L j ft>ft > - oVS" 4J^3j 4 .k-.jiJl Oj-JUt <y Jb-ljJl Oja Jj^l 0l£ 
plkJI p^l. Jstol L.XP, . UUj ittul. ijSS ,Ji *Ul ^iUJ ^jj. 01 dJUi 

01 . 16_ ^s^-S^I ^LJI *LJI J ka LjJL" %12 o^^SL-, *LJI 
ot t JU^LJL; ^J.^ . 18_ jsstw^ll ^j— ^j^. V *L. j^j JL^I 

OjJl > l0jl-.ll Jwj- t 1913 iui .^1 J^ai r U J,>JI ^5, 

iJ^. (a>-j \»[) iiUs- JiVl jJfcJl 0t .j^ui Ols- . ^L- 3>-U J!jU- ^ Jib 



<s_j □ 22 

^ ji\ j^-LJI w-iU JUI piJI OjSi J tttL&l JJLiJl j-JaJU 

J*a>- jf ^1 Olj-y oly J-L^kJl aJL* . <_»li£ jJ^Vl j-kJL tiU*Jl 

iP £>j_«i J-sas- L*5 .20.2 <y VJb 20.15 ol^ 

.aUSai JUJI j-kJL ji\ 1 20.28 

JU> jj-^JJ .IjJVl Jj-U 0L5 O^Vl JlSJIj .aJI^I i|f c^»bJl 

.(^jjJl jlkJLiVl iJLi s\Js\ »Lif t235_ p-JljjJl <y Jbj-»Jt i£j>«i fjs'bjd 

Li))* Oj& Ji O-rjj-A-fJl of t ^»«-<aJl iJOJl Tjl>- 1 1.008 

^Vl J Ja.:.Hj jj-srjjJUjJl ^ enrichment g iJjf-j 

Otto Stem tdj^jJjU JUNI ^L^l JjL^ tl919 fUl JLl,j .UliS 
'^j-r-Jj-W 1 J* tjtiiNl ^ <*> J~J* (1969- 1888) 

^ k_jiJti> ij^rjj-*~^\ oL» ^Ui-iNl ^1 ^j^aJLio . <uJu» ^fl^ ^^ILp <_^<»>- 
^jjl i OyjJ ijXSJ ^ tlksi-t v_~w tJJJi ol^ . »l j— 1 Oji 1 - J->-Jj>A-rf5l 

viA>*jVl *ju\za i»^Jl Jalj tjijij O^i c ^UIjj . <»>• \>*J>\ j jj^j jj 

^-^f 1 1929 i-j— j->w^Vl j-JUi; oL-i^t Jbw ^Jj .(H 2 ) 1-^jjJLJk 

Ojj of • «i-»-i-Jl ^j-* -A— >Ja-> ( j s >-jjJL r $JJ (^jJJl O jjJl JbJL>o ol^NU 

Raymond Thayer JlJj^jjj :U> t oL^j~«l oLJlij-i ^/il tl931 



<JI (1976 - 1901) Donald Howard Menzel ij^. iJjA JdUpij Birge 
(4,500) <-*.».>~«.>-j t_»^fl i«jjt J-»Li* i2 _ jj^-jjJLj^Jl SJb-lj oji OJL>-j 
• iSj^ Oj^Jl c** «u~*laJl SiL_pl jijyi {J^i <^J«i» 1 1 - Orfjj'V* «p 
«cJL>J-!» J ^ fc ~ Jl t^^a>- 4_J1| IJla <jf «, j-AlkJl ^ jJL»j 

JLIp i L^jL>-j^ JljJ?f ^ ioLu oLpUJ'I U^J ^ »j c 1 - <j~>-jjJUf)lj 

Jjl^iJ! oJLa jt i jjUaJl cA.jiLJa.ll t3j^' oJu Ji»j 

iiltf jJ^t 4238-pJljjJU .Jjl*JI jf Xp-JI £. J, cihS^I ^ ^i^Ml 

%i.28<~jj t ^ aitf ^f *;f t 235_ pjijjji ^ t oio>-j 

y» JjLUl of £. t 16. t> .%12.5<. r .: >i iiH^ jtff 18 _ ^^j^Vtt 

^%100i_ r -i> i_iLJS j-Sf ^-j^jjJ-^JI L^.f .Jaii OUjl^-j 

. 3JL?-lj oJb-j <jjli)l O j£ c 1 - (js^JJ-^sf^ 
l^f ^ jS\ dj^i df ' ijrT'JJ-'^! <_£ jJii t>Li»^ JjjUJli 

uf oLJaJD jjSw (^jJl ^JbSJl js~*iJl tiiJi jS\ ^ ij-rjjJ^^ iS 

. UUJ (_^JJl oLSCJl ^ OkL U»jla>- JL>-y 



i2_ jjjsrjjJ-jfJl *-.,..> > J-jj_J ^j-^oLi* ,sL"p| a_JLp Jy c<iUJJj . Tj_>- 
j_5St 0>& kJj— > j.U-ll ^ i-^jjuUl j-JijJt IJLa of ^ jlJLJIj 

l-b jj _ io J-li iJjJ— Jl _ diffusion jli-JVl i2jji» J jU«j jJ 
i2_ ^-jjJL^L fjjiS" ^f 0_>& «J^«. jJiUl j-s^Vl jdLJUl Oji ij^v-i 

t JUtfj-~jU.il 2 _ (jj-rj j-ljfJt <-a.Jn j^la-^- of «*"rj* n-a.Jr>ll A**\jJu <J*~~Z> 
tiiUS ^ i-JjVl ajUL-^- iJs- TaU-plj . L_»ljw»f iu- i-—^ L>-j-^j cotajl JkJ 
<y Sji 4,500 JAi. t 2_ ( j->-jjJL4Jl ^ SJb-lj Sji JUL* of i^ljjii 
tob-'if SlL*f of . iJjJUij of J-* L.U: t l _ ^jjJL^I 

y « jl_>-Ij Sji Of £— it _j— Jlj i o—i ^ j»3j_Jl I JL» 0| Oj__jJ»t 

• 1 - C^rJJ^ o* 6 > 500 ' 2 - udrJJ^ 

i-k^Jl 4jiJ L2; OjjJ ^ .1931 JjVl ojJtf >J ivIoJl i-**-UJ 

. 1932 ^1 

•j^Jl i^JLjl JL-Jl ^---uj . Tju>- U+* 2_ ^jjji^Jl cJLtiS'l 01^ 

.(iJsSSJI *Uli) 1- js^-jjJ^JI Nju ^2.^^! ^JJI »UI 

jdl A-jU>Jl <*J53( ^ deuterium i^j^jai i^Ijjji q-JU .u*U- 
JLilj; jJlkJl c^-jal b| -ol ^Vl r b L. (i JliJli ^jj 



25 □ Ujj .li^Vl Ok ^ 

Jl^T ^Ul ^-U^Jl jt t 1934 ^L*JI J^Uu L.L*; £_*iljJl ^ oL5 

J-^aiJl ^ t^L«i J**>- L« lJL»j) .jJLJl J_^i»- <y 3yy 

ojJU- 4 1934 i^ljjii JLu 01 Jjbf oL^ll. j& |J> (J-JUJl 

<jj-& V JLi .LikjJ-j i-~S\j£}\ *.L~+£)\ Jj>-j teUxJl Lii* Jj_>. djUoL 



I - 

| ». Lo .mJ t<LiLi stj— ol ijjjL* s^jI>** c-jaIj t^j^^—f Jiu 

of j^?- t jjJi_>idLI SjjSoJI I $71. 1U g-*y^ \j yf of Ml ti-^CJl 
toi[j _ J^Vl LajjI-oJ iiJL^. l^f MjJ . .bojly oi>4 iiwJI 

: ^ US' tU y>i> ^Js- i^ ^J I ^ co-j-i* i?iu£Ji 

In Memory Yet Green. (•) 



.i^Jl OyL i|iJl oLuU cyk£5l ^jti ti.il Jlp^I iJb-^Jl 
OjJLiu tjJiAl^Jl of toVl J Oj-if JLiJ L>» :cJU» 

oyL oLuaJi ol ji\ . ^fs- i_Aa>o Jj t ^UU* ^ jojj ^ id* o|i 

<>,sd-^.>t jji Oji>jsr (*-* X> 4*ljyVl j-^b^l ^ lj~J ^ . ( * } JuJl £. 

U . ( ">"liJb- c^S" L.LJ r< Jb> cu* dUf ^ ^if . J*-f i _ 

.«!jl>Vl 

cLsjjf i-Jj ¥J*it liL*i t Juuj . .dJUi Juu Sj-ii! L-^f ciJ, 
*-i/»«iJl ti*U>JJ i^Ajlial t-^—j t>J>- jJUJl t^j;**'^' <i.;.sa.ll 



. ^ - vW-J' 4^ (*) 



cbUJl iL-: p 28 

:l«J cii 

. oNUJl jtft ^ US' dUS 

/ JSLio iJjC ^1 i_JUj_Jl oLl£Jl jp) metabolism^^t— >*>U^-Vl)i 

jJi\j iJjVl j-i^ ^Ut «l^Jl U t^j-^—SVl J^pj 

jj^aj Jj>o ^ t jfJ' *— iJLSJ j»j ti— >l j-iJlj tiJiJJl JjbiJj . ,_jjliJl 

. U.f J_^*>o U i-jjj ^k:,>J L« i LuJUj M ^JLJbJl 1,1* <j£Jj 
JjVl j^-Nl j^pj of^tl j_» t^JJt) Isak Dinesen <JL>«~-1» ^^JIjlJI 

. (Tjl v > » « Lwl AT>J ^gJJl j*j-JI 

tiiJlJl ( _ 5 f^*j <£ j— - ^j^* L» 1^1 tOt~JNl ^pJs 
<. Seven Gothic Tales li-tjJ oLL^>- * *L_xSCJt £la» 



. ^^Jl _ j^'juJI i^t JlUji-V SJba»Jl iljjl JJjJj i iStf J\ oltliU aiiJl J-.tj 



of <jj> j>\ iJoJU O^i tLJj-*ai li^j . 1934 ^JJl 

( c ^k-»jJl Oj^l ^ tj* *lj-«-lJl jt£ j^ap ^ IaJL^ «^<->* Oj& 

tSy>£ U»L»j>-f)> i<J uL. iilji^lj 'oLLaJlj tliiJl J_JL>« <j£~Jl 

«JjOJMI» tiLILjb of L*£ tJj-Jl ,y tj-srjj^Jl ^ iS_y^ urea 

Jj— j-«f J* UJju IJla J-Jj .iaSUJl Skatole «Jj_;LSLJl»j indole 

ftLj«^Jl jjlp jL^pf J*aA> { j^s- ^ jls; jl ^| dUj ^ 1 1905 
£-* 0L5 . (1940 - 1865) Arthur Harden «ojjLa jJjTi J\^J\ i-j^ 1 
J_^p ii^ ^jjb t William John Young oyr fUji oJui; 

. Ja~Jl jCJI jjS^U dL&i; ^ jSUiJI 

i^Ul iaJUJl <LU^j . dL£&l <JLp ^ U J_S^o <l>-b j^j-iJl iji of 

p—l u^JLi-jijl* LL>4 molecule *i|>>Jl 1JU ^^Lj 

. ^ijji^UI oLL-jJ ^LJu ^t_stff J^io <-ijJi & *i\ ia-Ii&a 
iJ-** la^j ^ j-* y Oj-^j ^L-i-y ^LJ of t ^il^Jlj 
j-l «OijU» Oj£> Sijjj .<Jjp ^.f ( _^ > >Ui-.l ia^-j Jjf ^1 .jjS^UJl 

. 1929 fUU .L^JI ^ SjJU- ^ 



J^UkJl □ 30 

. i^fJl t-abW.* oU t-^ii-iVl 

a^-jJl il^JLi .LiL* ,J 4if Ml b J-wJl II* b\S 

j,> «.j-JcJt ^ lil colil~JJ itfL, pU, Ji*J cJtf 
jy i-Jtdl iU^Jl Jj»c; o-.b U t <Lt^ ^IJuj ilil* Lib 
Tju>- oUm ,y Jail— .j ij^r-jJ U$b lib* 0t L*5 ttgjJB 

js. Jj^xJl J^LiJ JUJbJ jSUj V <Jl |jb tvUUi Jb 

ti-SX-^Ul SjLJi^l JL-jI £-JIj_* *-JI^.j . Lp-lj- J^U»1 

iia-ii jj-S^jJl ^1 yJLJl j_-1p cT-Jb>- Ij-yS j~>\ 1 jj_S^I«Jl 

tOb^jJl oJla J5j . n dj-Ais Oj~L <>• ^jUb _ ^-Jl Uly N il& 

4_pLJa_*ol ^1 0 j^r 2 ^ ' J-'^ j-jJLw^I o! US' t L*~l» j_jjM»J 

(1946 - 1875) Franz Knoop ^j-S jjl ^LJNl ^L^Jl 01 j-j- 

jJl i^jJl ^U^Vl J* J_**i cl904 r UJl ^ jli .U ^>-f ^ ^ 



31 □ ^lijJM J* lyji vi^U^U 



dj->^ oji iilj-* tdJyj^jj^^Jln i,...Ao.->- A*y*>±* ciLJLJl ^jiji* JL>-f 

• (COOH) (jj^-^f ^jij Os^J- 1 ?* 

i — Pj_»^o jj— »j-S^)l olji 4_j L*j) Lf-i Uj-jj-S^Jl olji iJLp £j_«>»* 

i-L?-lj_S 0* <>rj*y> of V| t 18 jf 16 tUj~S i^jJI ^Uj-VI 

«^»-" <y cr^**" ^-J— <*-^ «<XH i*JLp-» Ja^jj i^jSi fLi 

olji Cw> JiJiJl 4_iL>- i_Aitoj . ^.^SyjS^S iPj_*>^J JjLiuJl 

(^AojJl olilb (_$JlJI jy ^AoJl ^j-jij L-J^iJ ^yiL t_»j_-. tjiJxJL JftJj^Jl (^JkjJl 

. ^Lj-^ 2?^' *^ «•>•»• <OUl (^A'jJl ^^^JJ 

t-a,- t £j toj-^ i_«^Lp j^i c^j-J 4_Pj_i ^IJU>w-l Jjf dJUi oLS" 

iS'i t^*-*-^ ^r^^lj OjO^Jl J olJbw-l oJL« Jc£$\ ' 'j ^; 

oLoLSiJl ^y j-p 1 4. L J..JI bj>j-^\ olji i^A* iJlP <_$S 



JS^JI il-J □ 32 

iib- of JL9-j t^jJl i-JjJb i^jjS) pli L»JL*j . ij-iJl jj^j-SJl iLJL. 
'OjO^ 18 ,J<**>- <jf 0^*d tii^l e-if>J .ti^Aj '•^y.^ 2 

o*^ 2 i*^***- U .o*/ 2 Jl T/r ,JL»j a4 ^ ,16 J\ 

viiU, X> tjijJl ttU. S^JiL. ikJ^. l^N l**, J,UJI ^Uj }b t s^>-Vl 

^ LftUfcU . aJLjJI ^-I^uIj Oj^j oi» i oJb-l j ^Jlil ,j^j»J| 

' l^~*Jl ^y vJj ^aJI (viL~-.Nl { y>**-) o j->^ 2 ij***- 

t oUii ^ 4 Jl 2 Jj^Jl cSj.- o^/ 2 iiUb 

.o^jSJl i>-jijJl alapVl 
iOs*. jjj .^Ij^JIj oUjJI (JLp Jwu Jlji U t^^i ol? 4^^^) 
r L^Jl J ioijL»i J LS-j^ ^Vl Jb J-. cU^u, *^ ^f ^L*; JJLis 

<^«*>L*j : jJJL^. tiJULft of JjL»- l*y^AAj ia»*-U <»j>J CJU JLiJ 

j^f uiii^ jj <jf L*5 . t ^T ^ v-Jj-* ^f jJUa; V t Sj^l ^J-Jl 
jj ^Jli C.W .g-U ti-^-JaJl i-o!)^^-^! oLLuJl CJkJ-i jf Oj^J -lij 

i.!5Lp jjSi pi L. ^1 t Jviif U ^1 i>-UJl viUJL3 . Lb- iiJi ^ 



33 D 0*1^-1 J* Jjlr ojL.^U 



. JjVl J-^iJt <> \S ^Urfl r - c 1913 r uji ^ ^ 
jJlkJl ^ Uljj^. i_JL Ui uikiJ obj>Jl of IJL* jlSj 

jf 12 - i)j->J L.1 JS 0j&. of jSUj oljii . j,,^ ol > 

.18- j&~S\j>\ t 17- .j-^wTtjt t 16- Jt >^S\ U ij^-SVl oljij 
t ^Ui; ^ Oj-Lji 25 jp Ji V U of ^Ju IJl* 

Lf-i; jilkJi oV lijL-A. alapL jbfijjs V UL^Ji ^jVi of VI 

^ oljUl ,y%99.985 cj^-jjX-^JI Jl_>- ^ u c J 

^yj U2 - Oj-jj-^ oljUl j* %98.89 tOj-J^I a.^jjju* 

. 16 - j->*~SI ^ oljjtfl %99.759 1 05»*^l 
ja ^Hy n-llij-*- j-%92 61 Oj-*jWl ^ IJL» ^ 

iuJL, iJL^Jl VJ ifcjj Ji% L-J jJUVl yifcJI ^ If juJ Vj . 16 - 

. iiiJl(%8) 

y'UiJ jo;f ^ ^Vlj) 17 _ o^Vlj 4 2 . o^-jjJ-^Ij 1 13 - 0^1 j, 

^ 0J> aU£, o^kll jJ 4JI . . 10 78 J^f cs'iSyrtf J 
^UiJl ^Jl lx> .Lb as-lj ^ 5^ JU&-I oi» t «tj— oji jjS^iiil 

olj---iiJl ^-1 — .f J* -j 7 J_i jj_S>UJl 3, ila ^ t ^it—J oi_» 



cbLAJi sL~i a 34 

ja *Ji j£\ j\ !>US Jjf olj^jj J ijJlkJl ^IjJVI _ vVS-Jl 

tOlj-JJl al> jt ^1 . JL*»Jl j^Jjl J«-yJuJl 4-**^ jIJJUI 
ti^w Tj_>- aLlJ> ^ toij^Jl oll.j>Jl iJOJl £* £ jUJL 

ifP-" cr 51 *^fc/*Jl» • (fl~* iP) Aiu 4 &. J^-S"? 

oiUi- t 18 - 13 - Oj-»^U JJSVl OljJJl 

o* ^iUJ Jl ^yaUJ vJyJ tol^j oly jLliNl iJU* UjjS b^i .Ul^, 
.(18 - ,>>*-SVL; 4 Jif i-^j) 13 - djijSil i^p t o^>JI JU-5t JU 

0* (ammonia) jaLiJl i>JLv jl jj?- J 2 - (j-srjjJs*^ 

J* ^ijJUl j->-j^JI jJkJ) 15 - j^jjd tJ aUl 4^ goUi JmJ 

roLpJI *L-w5 Jl i-j-JL* t i_*jfct jJ5Vl t iujVl .JUk 

i%7.1 14-^j^juJI ^ i-iUS jJSf j-> t 15- Of JU>3 

18 - <%8.3v^ 12 - Oj-.^ 1 & U ^ 4 13 " ^Jij^J 

2 - OrTJj-W 1 -; OjLJtJj .%12.5V^ 16 - J*— $Vl Cf j- 5 ^ 

.%100v^ *1 - usWJ-Wl 0" j*f j» 
Tj-ijJU j _.Ja 'J l IJL* £p*f 

tdUi J_«u j£Jj .o/jJ ^f jJii Jjf jMj ci-^te-^l v-»jUdLJ 

ij-^lf^-S jUJVl ijjs^ 1 (JIp ./r 1 * t!933 

Ljij-fc Otf) .SJL^uJl oLMjJl J| (1941 - 1898) Rudolf Schoenheimer 
dUu J y»LJI JiA jJL- Of JU« LJLJI J *LiJl ^ *J saJLi ^ 01 c^Lj 
<J c»*jfj tf-jJjS' JumU- J jSy Jp SJbcJl oLVjJi J J-«*>-j .(i-Jl 
*<M «> Jj-^»JI JLdL, i^I j>4 i ^ Jl U>- J_wJl WjJ 



35 □ >sJ£ijir\ J* iys o.W>U 



^^Ip jJJj N> ^-rs<axJ ^JLp *>-jSJ tiij tC— jf t£-»jf jf) 

t2 - js^-jjJLjfJl jf 1 - j-^-jjJL-fll JL>-f t4_nJLjl i_«jkjJt ^L^Vl 
• 2 " OrT-JJ-WL; Up 0j& of ^LfJl ^Ul oi» ^l^j 

.ioLJI oNUJl ^ j-kJl li* ^ jf Tjb-lj of Oil jjSUj t£-S-» 
e 6.500 J_S" J-»Li. Ljij-iJ 2 - js^-jjJLj^Jl ^» oJLj»Ij S ji *JU* jl L*jj 
^jlJI ( _ r <a^>Jl >- ^ ^jjJ—f* ojS 36 iJU* olj 1 - j-r-jjJ—;* 
ikj^r 180 J-jli. jJkaJI 0 A TjL»-tj kj>- a>«i~i_ ^/ri^Jl 

£^>* 32000 J* ^ Tj^Ij jf t 2 . ^jjJ-* ip ^ 

^ ,> 5,750,000 ^ Li^ jt 2 - o^jjJ-^l ^ j-Iji >> 

t Oj-> j-^JI JLj^St ^ytt LfIJL«^f ^Jx*J «jL*j . i-JkJlJl 

i»}LiJl jAJtJl a J- Oj& ' tfjU>- OcJ» je- SjLJ 

.i^JJ j^f ^JUI Sjj^Jl 
( jl^j^i OjLxdLi c!j-«jL^j^) fjL< (1935 ^UJl JLu 

. oli >>JI JU- y jUcJl JJU ^ iLJL. ( - 1906) David Rittenberg 

^1 iJUaJl J j—^>JLi ^ j_>-f *(_)>-f JL— Sjtj w is^LsJl 41>»-jf *Lj ^ 

jIj^ J-^-i>» OJx»w t*lJuJl (^Ij . oi.b.>«.»Jl *iJUij lf>-b>>j 

4iUa)l jlki (UJu^b JlJwP t^jJl iu<c«Jl ^L»^]li . 4*UaJt jjJ>J 



JtsUJI <L>J □ 36 

. j-jJjjJl jf ( *^IjJL»j^£JI y jj-iJ IfiiUai (^Jl 

01 jjsJl «jf Ujj . ^JLidJ JJjUaJl oNUJl jU&l ^ ^^iJ A-iAjJl oli J>Jl df 
i- JkjJl oLL j>Jl ^JG ^ JL2i - Tjbt jf - T jiU ^ *l jJJl ^ p»J ^ Jti 

pi *^Ljf iujf tojj^JI ijSlkJI oL.%Jl oli i^Jdl aljJl OlS/jJl 

olji t-i^aj of l-A>-y tolijsJl fL«*>-f jy tjj£*Jl ^uajJI aljJl JJbo L.U 
0^ .4-xajJI alj-Jl jij>- ^ tOli^Jl IfJ^f jJl 2 - ^jjJU^JI 

tjlj_«i-L ol* (L^f j^-T ol>-3- ^f Uiljilj) i^Jl of IJiA ^yx. 

4 j-^ jr*-» jf *l5^r*"^ i ^ij^> ^J-A~~i |»j tijiAjJl ilj^Jl ,jij>- ollj^>- 
t^^iwJl 4. „ fl. i» . ; £• ^-JjJLj^Jl Ol J^Lo jl ol£ ^yJkjJl O jj>**Jl Oi 
^j^- J»LU *1La oLS tjjJUJl <y <|f Jtj .JOil^Jl SJOJbJl olLj>Jl £-y 

oLlj ^ *LjJI jL>*>-f <-s^Vl ^L^-Vlj . <-si-«f ^L^-f t-ilJLJ 

. 4*^5 ^ i^>JLJ .jlL^ <^SUj 1 15 _ ^i3l Jt*^\ 

i|jJl ^UJI >*>JI ^ jj pJ jssrj^l S> of 

.iSj^-\ A-U«f ^^-f if-^r «jr<a» -krj H 

^ *^>>JI J^i. Jii .US' ^JaJL ^jiw V O^UlcJl 



37 □ oAi jsU J* ijl* ^U">U 

Jj i Ol jJUl <y i_ib«Jl ji *tij>Jl J . i-JU UtJUiCw i jj-rj j-^Jl 
<L«.. fc. ..« J l iLJuJl li * t 5j_>Jl of (j-*- <.\-£y-&i j^j t*_il»Jl 

ol ji ViLo of ^1 j^J jjSUjj . Uj—^j iiJU- J-^1j -xi «, ol jJlJI 

ol a oLS^_* ^Ijlj^Iw-I o jJLj I i_» oLij ol£»)/L» ^ ^ 

4JUjc«.MI j_j>- olV)LiJI oJl* cJL>o of ^£Jj • •>♦■<• OjlUiJ ol/A* 
iljJU of (T») ol£.yu ^»f t^uiljJl i-Lj^JI ol jJd\- o~Jf> 

. villi ^L-f 

*^jljkJl jllaiLjj Je»LiJ % <^SLm oJL*U obj>Jl O-i Ijji 

iJUJI ^jij x* tt ^Ltj>Jl Ja—jJI ^ i_iL^ jli; dUU* dj& oyJ n^—^-j 

L3j (ijJcU-j £-JaJL; I . <1pL» <5 j^- J\ 0 j-SLJl Jj^xJ i % jlkJl 
i^-rJL. J*i>*jl jaj J**JI iJT ilJU-b t oll[j>Jl i-kU^Vi 

.iJ^I <p^-JIj iijUJl <Jl>Jl if>-l^« ^ organism yUcS of 

tSj _-.-iS J U*Jl iJLJl x*.^^ a^u V oi» cL^lS^ ^ (^dl 
t JL>- JS olj-JcJl t-ik > «.»j obj>Jli . <LA> ol jJJ 

iJVl ol Jj-il jSUy c >T U~ Lfr^u ^,Lj of VI I4J* 

. oj>l>- 0 j& <—» 

oli olij>Jl ja ±Jz jj v- ^tstf * o^J^ 1 ^ 
^ 4t 5j>dl JUJl ^ i^jJ^ t (-ui viLif U IJIaj) ^JIjJI J»UJI 

.Uj^J ojoL" t I»LiJI i*Jb olLj^- il^Ji jJI ^ ^>-Vl OLJIS3I ol 

.i^Jl *U-^Jlj *L^JI (JU ,y L>s oJb-li t^Lli^. jJL. *V 
.Up j^jfj i^J^ykj t 1941 J^Lf 11 J t ^1 4^Jj 
Of U 1941 JjJLf ^yj .Jca > «;| j^Vlj .dUS J*i bUJ ^f V 
al£JL ) _^Ji*Jl LJUfc^j • VA- v^>«- cJtf Ljjjf J^i .s^uJl ^ UJI 



JtsUJl □ 38 



j>JU ^yCi Otf <$JUI ^Li^-Jl ^"^J tiitUJl VJ^ 1 cJL *^ 1 

OLjLJi cJLSj .^—lill ^L_JVl p^Jl sLW, jL|^ -ulij Iju 

JaJw? Cm aJL*^* «JL>«l*Jl oIjVj-II CJL£ ^ t^j-jjUJl t^JU*- 
v-jL-f oXp <y J£ ^jj SJaiJl <ill; <y jW^J V*^ 1 TjL»- J'dj .l^Jl^ui 

. dUi ^ ^UJI .^jJI ^1 J»l>J ^ku-f V ^f VI * W 

^ Sjjj d»JL>-f tiJLjJl JLw ,y ttJjA^Jl i^jUiJl oU%Jl <Lj& cr ~«f 

JU V OLS" ^Jl) iJb-*Jl JL*iVl Of U*f ^Jj .^^Ut«.Vl Ji U>J 
JL Of Jii^Jl jxJ <Ji» . J^cJL k-.^Jfc-Vl JJU, ^ u.JbJI cJLi 

*} ^y— J jJ t <u«i; . oLiJl ^JLmJI y^Jl- ^Lapi «j^«^Jl ij^JlkJl 

sJ_5L?- o jL-~>- ^1p a {jA j£>\ «jL>>«Jl till; j~~>mj ( iJLUS ii 



39 □ v^ 51 



( 1 

3 



L > 

^ dJ-Jl, : J^b Ljtj ^Ij-JI J Jt_i d985 JUJI jjjja 11 J 
jj— £s L_j (New York Post) ic— .j-j iijj-jy-Jli ^ i_~ol_Jl 4_>«A*aJl 

*>uup - i>*a>«-£jl jj^Vl il>Jb«3 i*oLJl A»uL^JIj . <^L>-U- ^Jj 
cJL- .ic-jJIi fyl V UIp Ut* Jli L. t J»Vl ^> IJU .JUJIj JJiil 
jjSs Lj st^»l J-JJ li^iij-* i»L-jjt j»— i?£j-^Jl Ui i^-^-UJl 

. J-Jfcl) ^ *L~JI 01 (£X*i .T^ JClj ^ sf^l JLij 

Utj i_-oUl i^Jl JLp iL>wJ! c^cij ?ic— j-Jli iL>w» liUii 

: (Janet) ioJU-i Sj^l ^jjJ cJi> ^/iJicJbio 

SJL*pf ^.JU- ^.Vl jU»i t S^I Cili L. T^f J^- JLil 



OVl . c«T» 

63 ^,L-i t f >JJ iijx>^ i-wil^t ifj-l JJLiu .T, ^»j"BySC. jJU V jJtCJI 
cJS IX...M t.^s&i I3U, .«0j-£Jl JU» :Jb.M (TBS) ^JS J"**- i^jiJl 

iu- 59 ijol (^UJI ^j-iJ 5) *JlJL>- LjJj^ t^juJl <^l» 
vi-->«j L-jj-p 4 ^-^J j 4 V^** j-*^ J^j • 0* 

. |> a>i./»ll <djl£> 

t^Li* pUl ^jjlJ j^ii . i_soU- i_j*>f *LiVl otif - jyjL^I 

. -Jb-Vl Sj-laij JjuJl v-UJ ^-p^Jl doUJl dAJLA 

Gyorgy i^jJL* ^rjj-^-t 0=O* t ^ 1 O^^*^ 1 i&>Jl J^j 

t-H> Jl j \ wJl jj±\jJ *->^> ojJl j olS . (1955 - 1885) Hevesy 

LJU4 ^Lj*-£JI ,JUJI jL* d~>- i.^Ul i-Jj JjVl cJj^ ^^-Ji 

o^JaiJl LjU* 01 ^/-^j .JjuJl v-U» £» i(^jJL*i j>-LU 4 1911 
SiUJ jjLi; a* t JUiJI j^Jl ju^i jLiilj jbj-ljj JJ ili^JI dU; 

^JjLt^j 0l5j .iili;T (Cambridge) Ernest Rutherford 



41 □ SjjkiJl t-jfty* 

*1+jc~m\ i£jJlj . 4-mJL«JI oUJl ^ Tjl>- J>*a>«Jl i(_£j_JL»i 

oUl ^ <JLii aJ>j i(^jJL*i <-iL*f i ^jr"! Jb>-Vl JUj 
<J1 c-«ai t^UJI *l*ujVt pi <yj .Jb-t olji of Oji <>• tS^JaiJI ^1 

• (J^.jif^ Electroscope *»li£L» i ^jJLai ^>-ti t^^il i^-j 

viUj jLJT |»j t i «,.,», « oj~w* Sj_JaiJl t^gJ-JL*! 01 

radioactive i^JLJI <'k,^'.»\h £-djUl ^ f J jf dDS OLS" . i«%Jl 

. i^il; ilp J»-f j)j tracer 

*J cJL& t< ^l*i>l £=JL jjCcJI JiVl -uii jtf .dUJtf dj£ of 

^ JUJuJLi .lJUi iJU. ^UJi>l £=JI fju t 1913 
iJLli jloi. LJU-S" jUJI .yji ^-jJu V t ^U^Jl cJiSy 
JU»-f b>J» LJI ^^Jj .iJx dJUS ^Li jJLxo j5^Jj i<JSj* J-S^J oLjiJl 
jl-xi* v^jju ^ t *U3l ^1 oL-l^tj cA-Sy 

^UJI JILJI JJUJj tv-SIJLII 

4~J JUJUJ jJuCj <^>u TJL>- iLlsrfi 01 0»wJ . ilJUl HjA+S 



J"**iJI □ 42 



c~«ta L>j tpLjJl ^L-^jJl 210 - ^Lv^jJI Jaliiwj . «a _ p-oi ^3L;» 

t^L»Jl ^UojJl ^^aSUoiJ iliUw. ioL-^i^l A-^SL^- 

^Vl II* I*) 

jujl>«J j^ojj . 210 - (j^U^ jJl iLisi <L~J ^^Ip (_jj_i>«j jj^U" & j-* 
t^jJUl 5j* <_fLi Jdji» oij>-j^i\ 210 - (j^U* ^Jl i-*5 

.Sij>-j^Jl iy^JI iJL^ ^pj <>«J& Tjl>- JJi y>j 

. iLLJl (3 Jai\ 4>m£j ^J^o ^«Sl AJJU oljjJLlI JbJL>«J ii^Ul sJl^jj 

.^jJjuJl ^Jl* ^j^-jjJujJI oLS^t iiyL- i-ljjJ ^JLJI o^»)JIj 

^ t5j_« JjV ijPU-i-l «t5J-i;*» ^Ji>«i~<l 1 1923 ^UJI ^ 

^1 ^L-^JI J *LlJ> oL*5 i_»L^»L» . ijj-pJl *L»-£Jl «i»L>»jf 

iJjuJI r^UVl ,jrfuJ otiLJl _j . I^JLp J*ju jJI otrtJl gjj, ^JJt JJLJl 

«L»j_itJ oL»^Jl J_JL>«j iSj-^rj coLjUJI cJj->-f tiibi** ol^^-iLj .210 - 

JJL-«« ^ L+fj+a*' to_j-«_)Jlj ^L^^l ^laio— V TjjO»- of 
<L**aVI iJJLJl <)L«pt ^JLo jjj -^d>^>* js^- Oj-^pI to-ULiJl ^ 

jo* •J'V cr* ^ 41943 f^ 1 ^ < cJ > Jt Jb "^ fl ^ ^-^j) 

.Sj-^l i^Vl ^=JI JU^Jl <JlS f£Jlj 



43 □ vJmII «_Jtlj« 



f>oA (92 fij^«Jl) p-JijW^ -^JJ^I J>M Cf J*^ 
iij>J i-iLu*Vl »Jl*j . <AJb>*Jl <-iLu*Vl ol jL* oU^ij Ol^ii (90 ^j) 
j-£\ aOP iJU* Otf) . dd> Jit N 1 82 J! ^ju, oljJJl ^ TaUp 
SywUiJl •!* cJlSj .ijJJl l^lijf ^jihiJ t U^i4 J£J g\j & j&>. 

J^iJI ^ o^if LS.jJUiJI jijj, JU> ^a^ dJLjJUjJi £*Jj L. Jjf 

^ (84) o^jJIj (82) ^UjJl jHlii cJtf cd^iJl ^IjJ jSL. ^ 
J v>L*Ji^l ykl jJiJl oLI ja culj • UiJ C.L' jllkJ ola ^LjJ ^JlkJ 
<>\ Ixi t 82 Jif (gj'z ^^p jJlk; V 01 ioLjJL*Jl 

J i-Ji jSlkJI oi* JJUJ iyrj V ol cU»L-, J&j Jji*Jl 

Frederic Joliot - Curie id?jj-S j-Jj-sr cULjJUjJi JLpt o*L>- ^ 
Irene Joliot - Curie i^ JJ Ls' > _ s _J > _ !! . j-.^) <ljl^jjj (1958 - 1900) 
Madame Marie Curie i^jj-S" &I cJL5 jJl (1956 - 1897) 

oljUl bombardment ^j ^ J^fj> i^j^ jJ^i ol>-jjJl 

<y Jjf AiV iJ_**JI li* Jjl* tjb jl» tijyjSji jLSj .i*JLjl al^Jl ^iuJ 

.dUa i>wi ^ ijiil iljJl 01 ia>-V 

jlkj jlj tolj-Jl ^ J>-lj Oj^j^ ^7* ^JjOs^' Jhi id ^Jbu 0* tiLi*. 
^j L-JJ* 4j _*Vl Jjf iajj.ijj.ji 4 — J L. IJL*j .U-aj j^-Vl OjJjj-Jl 
J oUj; Jj4 7 £pj j^jjiJI sljJ cJU . U3T oL~->o t 1919 fc*. j^j^dl 
t LiJf j^-^. ^ OLJI oUj^j-Jj j^Ij 0jJ;jj4 l^Jl cjl-^t b^i t oUjyjJ 7 

■ ^JjJjs* 9 oUjJjjj 8 ola 4>Jl; SaU LjjJ 
^.j t 17 - j-^u-^Vl SljJ ^ toLjjj^ 9j olyjjjj 8 ola SljJlj 

Jj-*- Jii 4 JUJLj .Stable S^ii^ l^jf ti^JJl ^ SjaU LjjjS' 
^bJl A>.f J^ iJL* dUJL, j>Jli 4 17 - jj^wS-f 14 - j^jjiJl 



cbUJi 4_j n 44 

t 1933 J-A-j>-y .iUL^. ^ OU-jjJl J-a^j 

Lilt ol «,>... >; (Uj^j-J 14, tj^jjj 13 oli SljJ) 27 - p^^JVl jf 

UjSLLJl SljJ wLjjJjJ 16 j tjJjjj 14 ^LaJj^ C-j^jt d~>«j 4 SlyJl 

.Syil^Jl ^SJj SjiUl OjSLLJl jJUaS Jb-f t 30 - 

Jl cdUifT jlk^- c^oUjjjjjjJlj oUjyjJl jaUI^S dUL* 

.U Ju» ^1 t-UjL- y> il^p jlS't ti* jl£ .oU^jjJl 

(Jaii dUi ^ oljl- £jf JJ t 1931 ^JJl) OjyjJli 

j-il^ JiJi JJ (^JUl) oj^jjJl U .(1+) dyjj^i Ot 

jj Ojjjj-Jl£ 4_i£Jj i jjjJj-jJlj jjjijjJl iijU^JLi Tjl>- k_iLi>- ^ji t(JaJi3 

(♦-—■>- Lj^J oJ& Kjjj^jjJtj jjjj^Jl ^ L*^- li^i .(1+) 

li^i i JLJUj .OjJTj^ *->[ $\ t(l+) i^Jij tjjyjJl &S <£>LJ ihS" 

JpUJI II» tjjitjl t Jj>-lj Oyjji ''iSjy J**-* 0j& 

oU-jjJl J^V ,1934 f L*Jl ^ r ' L. > ^ J^j cU* Jl 
oLij-Jj^JI ^Li| <-i*ji> tLiJt p>-J\ U&jJ <;l cg^jj-S - jJj-stj 
cJL^ Ua .■oJjJ v_-»« yf . JUJl t duos' oUjyj_Jlj 

. ^U^VI J>dJ s> J^j 4(> .jJI 

,y cJiltf fj-Vj-Wl i> 01 ilJLJl ^ itfjjS jjyri OUr-j^l 

i — j-iJl jjLj»Jl J-y»J 0L_T jjjUI .l—f^JL-, jJUiiJU p-JLi (*) 

. - ijj^JVl Jb5 JjU; j» f~->- (•*) 



45 O SjJaiJl 



J!*J>1 Oj-Sj .30 - Oj-£J-* ^UJl jtt J J>* OlS fj-^JVl 
^jj-XA ^LjI of j^aj oi toUjjiijjJl j!jU»[ jlj^wl £• t-iiy Ji olJjjJj-Jl 
j»J 4JI tS/jf ^ji^j .>-Vl J* U*.b4 JiU~« <-d>*J J^-i«i ol£ jj^-jJl 

LfiU t 27 - p-^jJVl Sl^j Li)f ^~lW>l LaXp <il IJL* ^yju Ji 
• t/Wl Ujj-JjJl Cilij Jop-Ij LJj^jJj jj^l ^jO^ j^r-^ 1 o* "-" ^ 
15 J} J>o- ,21 - p-^JVl ^ tjjJjJ 14 Jlj lyjj, 13 Jl oi» t JkJLj 

.30 - j^i-jiJl Sl^J cLSj^jJ 15 j tjOj^ 
jj-LMj-ii\ oljli .4 I I ^ JL^IjJJ «V| t 30 - j J i M . J -a)\ jl Vj 
31 - j^-yJl ^f.io^lj i> itfUi JLp VI OjSS V t *..,,kH ^ Su^uJl 
• i ^ Jajl s> L$JS>~>j >yrj ■ ('Uj jyJ 16 j Ijj ^ 15) 

Oj-£> jf c^J .30 - jjJl*jJ6\ LjJvJ (l)f ^yJ^-jiUi tdJUi 

. iPj— j dJ&b jf JO 
. UJf cjLw^ ^^Jl i^Hjj; Juu olj^j^l JbU>} iU IJL* ^1* oi 

. Lilt J>\ 
4 _ ? isdJl j_*jJI t-jL^ tOUjjJjjj.Jl JjUal 

. (2.5) iLLUl ^jtMajj J*" J* 30 " j>--^iU half - life 

j_» . Lfo j^-^- J!AJ»1 Tj-JS -L-ii o jj-^ijjJI Jt>U»i 61 

ji JjVl of VI t oj>£bU UU: JJL-. oj^j^lj 4 Jl^ ^ oj>5ai 

.(1 -) i^X ji (l +) i^i 
^Ji i_>^-lJI ji OjjJj-J Jj^o. tSljJi ^ ojj^Jl jlkj Ujup 
^p) OL— .IjJl L.JLU* t^^f iJLCj .(1 +) i^jl Ojlj^ 
tkp«" Ji> ^) Vrr- LjJl ^JS ^ t (oj>^Jl Je> 



JtsLAJl Jl-J □ 46 

Jltf lib ^Jj-y-si Jl O^j^l J>J Oj^j>JI j!5Ltl Op to.*^ 
14 J\ 15 Jl -o-Uj^y-Jj 15 Jl t^fjj-i J>J tLj^j^ 30 - jyL.yi\ 

.30 - Oj^JLJl ttjjJjJ 16j \jyjjt^ 

*SJ 4 LUf oL»»w 27 - fj-^Vl Lu^j lij «JI toil dUi iL*a*- 
hy-+>. 30 - o_£J- Jj^o of jt tS^iLj- 30 - Oj£JL, JJ Jp*o of 
^ jsl^^OsWjJI op t JUL, .30- j^L-yJl ^ t spL. > 

.1935 fc* t *Uj£LJ SjJU. uUj^Jl ^ui iJUJl 
tOjj>-T 0>£>-Ij L^pJ t Ji^kJl l^SjyS jJj-^-i 0l>-jjJl jt JUj 
ol ol^Jl J vlijjj t (Radioisotopes) i<*JLjl ylkJli JboJt « ifofli 

a* uUit oU!>U J£u of li^uJl ^jlkJt, of ^ 

^1 o*^ v^Wl jskJI JLLrfl ^ X> .SpUl jSJj ottl ^JUkJI 

4jI1w £iJl jji-yiJI Ujii^. t J^UJl jji-jiJl ions «oUjeV oLJl 

. Jb 

. ?T ^~sai ^yis-aJl ^**J| ol£ J liLi 

,>y .iJLb 2.5 30 - j j JL^ j -M J^ci\ oi» *cuL-f US 
Jl «4>f Cr* J^i ^ V^i t30 " ^aiw.-o jUsM ol ^iljJl 

Jl J*Ui; JJ dj^j 30 - jj-i-jiJI op iSjjJI^ jSlb 0j-<ap J o^-T 
^-Li jJiJ 32 - jy~.yi\s (JasJl ( y->Jj .ijlS" «JU Jjs^j Jb- 



. ifajLiJli L^jf i-iyy (*) 



47 D S v il ->* 



.jji^i J-^*f II*j 14-3 ojJi ^a./t'i _^ia^«Jl f Jl§3 ^si-T 

(8 fjj) (7 ^ij) &rjjsl\j (6 ^j) o^lj (1 pi,) o->jjJ-fJl 

:^%JI £_JUJI jJi^II viJUUA to/ll Ji a. ,,,„.,.•■ 11 j .(16 ^j) c^j-^lj 

. L*ji 87 ^ava'Jl « 1 35 - Co^j^JI 

V Jli j*"^' j_v#L«Jl jJLJ 5*JL» jJliiJ i^>-j £• ^i>~ t<jl> ^1 

(jl^ j-c^-Vl l-l* ol-» w^»-lj dj j-jj^j jjJjjj iiJ)^ ol_yi> (pjjjji) 

jt Ulo tOUjyjJJ jJUa* UjJJ ol£ li^ *jl lift .iijs^JLjl oU.~~>Jl 

Jb-lj dj-Zjji {j» oiJj-Jl cdeuteron to j ^Jj-lJIj jf ^i^Jj-UI Sl^J j[ 
t^UJLjj .(1 +) i_^Ji oli c~«ta l* tLfujjw iJl>-Ij OjJ>j-^j 

^jl>- (jj_JjjJl v_»i_4j tOj^j-Jlj OjJjjJl ^-j ^.^1 J5Xp |».^aa'o jt 



cbUJl <L~. a 48 



icJUJjf ^-j-JjUi t Jl^l ^U>J fli U934 <jl- 

ij f j j-jjXJ\ (^->v-! ( - 1901) Marcus Laurence Elwin Oliphant 

. icJUJjfi j> *aJ^£»j 1 tritium «e>j~jy» (^—d U jf |3 - 
J->-b Jj^o *i--*o Tjl>-Ij Ljjj^JI 4*jLi» dJ&ij 

. I jC~~» l^jt H\ t TjL>- SjiU el y ^ykj «, 3 - 

CJ~. JU^j i£- 12.26 Jl^ 3 - ^^wdl ^Jl £Ju 

£_« £-<>>Jl L-»t . JJLb 10 ^yuaJl o^p juj-j N ij ^(oLJj^Jj-J 6j 
^•U* V ^yivaJl *j-**3 roLJjj-J^J 7j toUjJj^ 8) 15 - &*~£H\ 

j^UJ j-** IS iU^u i^V L»i. Tj* U xSVl xSVl ^ ^ iiiJUi 

^fj) -ui>*<-J ,JL * '15- Orrj^lj 1 18- o^-JVl *,>lpUIj 

< jsij-->Jl 0^W»c^' l—t-As^ JL»j .Ujkjj_^j jjj»jia>fc* 0**-* -j^-^JJ Jl>i-» 

j-SUi* Jjt utf ol^AJJl J^jUo . A^bL, ^ J^if OjX vJj- t J^J,)ll 
^oUjjJ^-J 5j coUj-Jjjj 6) 11 - o^-jjSJl liijytJl i«JUJl Oj>^\ 

. AXSi 20.4 ^tf .^;,!! o j** j 



49 □ SjjLiJl 



IJl^Jj .4pL~* J^>- L»jL>«j| ^5Uj oljL-^-l \j*,o,./ti ,a^»\j>c~J)} ^ * * ^ 

j*J«J| j j -jk 'J l cOijJl (_,» jS'i-J ipl_M»[ Oji JA iijAjCA 

<~*£j *L/e£Ni ^jS^d ' c^^J 1 (° '-Wj) ^jij* -i 

ij*>-LJl JU#Vl jl^i ,>* p*^ 1 t^*J tdJUi £• .Tjl>- iJLu* 

0_^w* ilzyrf Oj£>. of 14 - Ojjj^JI ol i_ijy«-Jl ^ ol£ 

7 oUjJ,^ 7) 14 - ^jjjuJLi .Slj_Jl ^ oUjj^jJlj olJy^Jl y> 
N jl5 (oUjjJjJ 8j oUjJjjrf 6) 14 - jjjj^Jl t±UJiSj ,J!c»ma (oUjjJjJ 
Jjj^>Jj c J^lj 0 j j_^Jl oJlaj 4 dL£ij jf £» j_l«Jl ol£ US . T Jb 

Oj-»j-&J tyi^Jl ^-wJl 0j-£> of L. Jj_^- JUs-jJl ,_^liJl oLS 

(j^o OjJo ai ^yi^Ji oj*p of tOLJ^JJl J^U- OjA*-£Jl OJtIP-1 j . 14 - 

oL5 tJJLi JS .d^LLL Lib IjJtf p-^j 4 14 - djjjSOl > r ...:J of 

^j-s-Vl _ ^x^ll tl>i> ^Jl ^U-SOl Ju4 fU t 1939 pUJl ^ ^ 

« ( - 1913) Martin David Kamen i l yl_S' JUao ^Jjl— 
jl*ipL» t 14 - Oj->j^JI t^L»i>-l i of jj^j t5j>j J*'-*' t$j-*^ 
jf oUj^^—JjjJl jf ol_Jj_jjj_Jl oL-> L«»>->«x>.>« tj^>-jjr Lpljjf 
• Or^J jf Ojjj^Ji jf OjjjJI Olji > a./tal tOlij yj-Jl 
^ dUi JLpj . 1940 ^UJI JJIjt iJL. ^IzJI c~i 

^ji ^U-il J^*>«i tis<»Ls^ 4iLt» oli oUjj-Jji UJl>c^ tO^j-S^Jl 



J*JJ\ il_J □ 50 



Jl j>o_ t o^JUl j-kJl d2 - of .1 <Jb5 

Jj>cj t w; 13 - j^.j&l of .TjiU -ujS" pi-j LjJ J 13 - 

: iL>3.jl->- <«JUsdj ijj-^l «L**£Jl jJLp «ww>fj (AImiIjJlJ iJLS' jjoULw 14 - 
. ! 5730 ^^L^ j j 14 - j _*j£Jl <jt 

V ylkJU .oLoujVl ^. j>- dUU* c-L j^Jj 

i>>j 'u^J -o^ 1 ^ ^ lMj oUi^ l^tsi j5Uj 

.iij^Jl c/>UliJl ^^sdj" j»J w iJliJl ijJUJl y^>Jl 
<j>jUI iJLkJl oUj^jJI {J, Sjji, jIju^ jji^x. ^j^l JpLUIj 

^j^. <JI jt t j_^f ^ oli ^Up dj&i JUL, i^Vl <-ftl-^« 

(>* ,cS^ cS-»--A*J 4_«uL. ^SUiJ jji^ 1 0^** i*-*ijl*-Jl •j-fcJ j—^dujJ 

Oj^jfllj 3 - j-fjjJUfJl I4J Lw ci^»Jl *UJ0J i-**Vl olj ^»LjJI 

t Photosynthesis J-U^JL jUi L. ^ ^UfJ Js> Jli» *U- 

. JIjJI ^UJI jl*JL li!)U»l jULco V t 14 - o^^U 



v J 

t^^JbJl JL>Jl »_jL5 j^j i*iJl Lester del Rey jjujj ol 

L*5 t^ij 5_jfctjj>_5 ^L»liu-I n-ij-pl ^~>- aJI . Ji»Lijjj_»»*\iUi 

. £j\ y~* { j^>- jf gjfi \y/t+*-» ( _5~f Col Jjl 

- 0j& L«JUP _ Ulo i| tejy«^ ii*>Ui tLi^P l«f 

• cr*^^ <y c -oli— f JP « J^Ji j^SJ . .jyty 

t^JJl A-^-^t oV alJuc-l ^^p « yuJi oLi Jjl cii L«5j 

. .iLkJ i*K -o JUf ^ j£Jj .Up 
j-^-L i^xJl ijf Uli : *&L>- a *^jLiJl Ji>-L of ^-JJIj Jbjt X> 
(^JlJI i-x* nJUwf 1 Jt>-i : pi oli ^ Jji of J&\ ^Ijfj . 

.«^1p 



j!*^Jl SL-J □ 52 
. ((^aJ <-^y. <jJ-Ul li j^j 

• f ^ 

jl Loy^ jJLij .SjjUaJl V "dill J>*cia*- L> p-$jf» :cJl»j iLliJl 

• tfiSy k • v^jd ^ iS/r-^ 1 *W-jf cS^' 
t ii»Lv-j J£> aJI» :i»JL-f« c-~>-f ^1 Arf • . J'j — 5* l-i* 

; JUi t i_c-L- ■ Jlj_l? <u«jij la-.^i^ jL5 ^JJl «jJ^J)) ^_~a cIa-Up 

. «cJj 

. . «« ji~J» U «liJi» tijLJ N 
. <u<2jj-£ ol .ol; 4_>liJl efjjl bJjSwi l-L» 

. iwiUjJLjb j^>«Jl LfJl Ji>f of - i~^i>Jl 

. (,) a....f,.„i,.)l j> ^jf U* 
^^i.^ cJLS" ^Jbi\ p_Jl Jljl»j .f^ (J If^Jj to-Af^- «>~J» Jj^-j 
. «ft^LJl jl^ « jiJ» ol» : Lsku Tjip c^Jjf of T ^f ^-Ul ^ £Lj 



53 □ J^IjJI J jJuJl 

Jp «^lwJ» jxiJ (i»JU>«jt CUS) iniljJl «-iiiJ jf JL*j tijVlj 

.14- jj^jiOl viU>jL.j . ULjf jf J-waiVl i(l£^Xs • oJL^Jl 

tyts- ( ^JLj il .JjjJ? j-^p IS L«-La T j: la ; jlS 14 - jj-»j^Jl jL> i^Sj-iJl 

. Lip 5730 ^yUJI 

^_*oL»Jl ^_SS"f jJk jj-ijSOl jf L«jj tJjJaJl iJl^j ^yi^aJl j^jJI jl Lwj 

^j*f t JL>JI ^ £r*"f JLi 1 14 - jjj j-^Jl of <j j i SL^I y> H'^e- 

. Aj^s^Jl *L»-£JI J tracer JLLt^-l ^Jb 
Oj->j^ t^f p-Jl JL>u jii t a_Jlp L»5 ^ji^aJl j^jJI jLJ lit jj^Jj 
4 L.Lp 5730 £_!LJI j_^Jl JjJ» £. j>- ji-^JiW <sJ\ J 14 - 

. ajUa>Jl £*-Jjlj Jf*" jf t jLjNt iJjli«Jlj 

Jtj ^_sf J I j}» . g... ..II Jjj_« 3000 J_J iLSJl o-p^Ul JOJ 

tday JL^Ju^Jl < tla i Jjf c-xJ 14 - jj-ij-^Jl ^ ^(^j-JSOl) 
y ^aJ t, IJLa L>j_j ^>_«JL» jl— *_w>Jl ( <-£j U ->~« "Libs' IfJlp 

.jVl T^o^l^J^j 

. ^L^jJj-^I jj.mxh.IL; Ojji lij Tj-^ jj-J c IJLa ^a^'Jl j^jJI jf Jp 
dl&c) 1 14 - j j-»jSCJl j-* 5Jb-l j tll-^ ibS" t Lji*l5C i^jVl S jSCJl cJlS" jJU 
oly-Jl (jLiCiJ .«L-. jj-JL« jj-^P J toj_j>-Vl SjjJl j*>- *j>- JS" 
t t$L; 14 - j lib • a** 0" 1/4600 <^jw. j jJLJl 
* j^ S oJlS^ Lf J?*- js^' u^* ' 0^ ***** t Aji* v * <J** 

N <.,y>ji\ (^L* J 14 - Oj->jSi\ jJ_5oJ i.j.yi* i-iji- y-»j-f6 

jjScJ *- a ,* 5 J- iij-i* i$f pJl J->«j b^S tJLJLj .Lfljf pJl iJlij jj^> 

J jj5L Jj t>J tT ^yj J Uj^»J ta ^>Vl Jp 14 - jjj>Jl 



. _ L.l> /453. 6 ^jL-, (Pound) tSjJ&)H ^Jl (•) 



cbLiJi a 54 



L»j . II ^ fo^-j^*} tl4- j_#j-£Jl j-* <L'-^> i-J j£Jj 

. «tJU-l <*X*oj fj& J jUl (j^y oV VI villi 
Aristid V. i^jj-fr .<J X~~iJi ^jj-Vl _ ^jLiDUi ^L^l ^51 
olji ^ J^LiS oUui^l t 1934 <j- t( - 1905) Grosse 

t4**L* jjUaJ ^Lol ^1 Ji O^LpU; vl»JL>ci (Ul^ll iiJaJl 

•Ju jLipf ; of L*5 .tj^iJI %99 t-jjLSJ ip^-- olij c L^L>«j| 

(LJjj JiiVl ^j-Jl ^ jJL^j L.j) oLiyjj-Jl f.ik^; c^>-T 4 

<JJl^XwJl <_£ ^Jl ^ (l^Jlpj^J i^Xj c iji; villi i^jJLs^jj <, oljJkJU 

li^Jj JjVl £L»J#I j, L-J 4JU> JiVl n^jUill oL-> 

Oj_£»Jl) 14 - jjjSf-Jj-Xi il jJj oLijjJj—jJl oJl* ^, tin ,/>" ili>J J_£ ^ 

^jj* li^i . oLijjJj-J 7j oU j-jjjj 7 ^ 14 - jiJl Slji <_a!txjij . 4Jl£* 
.H^JiL>-y nj^jSjjolj i 14 - dj^li ,U4> .14- Ojo^JI 

jlkJ tOjJjjJ ,^1 OjjJj-i JjaO 4 14 - jtfj&l Sly J>-b ,Jj 

^yj J^J b5 jj_aJ c j ,j, > >.iTVl j-srjjiJl Slj-i J-^ij 4iJL*jJl 

. J^l £Ujyi 

Jbj_Jl ^j5Jl ^L*-i^fl oL«> pi tcijJl II* 



55 □ jV-IjJI ^ jjoJI 



JL— S"f J5w ^Js-) -Lj^JI 4..a.Ja,ll ^14-0 ^{j^l olji ^J*^ 

. j> US' btt (d ^jSjdil ^1 
0? ^1 jJw» j>Jl ,J 14 - o*j£)l jjly jloi* of £«j 
»JL»-lj o^S Sji of J-^jj .j'****-" ^UIj jj^wj tciLi^ll Jf- 

.14 - 0*^1 ^ ^> t> Sji jLl* 540 J-S" ^ 

^ 14 - j^l ^ (L>* «> ^ 1300 J\y- cIJla 

. «-Jlj_jJl iiiaJl ^ Tij^ 14 - byj ^jVl 4^ L. ^Jlj 
^jJLj ,j*aAj 4_<c»j tolla ; ->to1I 0_^j-^3l .t..<-.St ^Lj ^ 

iliL«-. 1 14 - o iJL»-S3l ^LoiJl c~*b U «. ^iUJI o .u..5t 

. ^liJl 13 - dj>j&\j 12- u^^l ^UiJ 
Uj c<u»UJI Lfu^jf <y lgJUj£» J^r J ^* toLJl JSfa oUI^Jl- jl ^ 
SL>Jl Jl5Lif jJL. 14 - Ojj^&I Jl>J tiA$Jl .Jo r \y^ ^ Ifci 

i_>wJVl ,y 14 - dj-ijSi\ -jSjZ Jfe t-^-Jl ^(oUlj^l JL>- ^ji) 

. JiVl JLp v- c-b U _ bC t VJI 
<,14 - Oj-jjS' <-s*»Uai.l <-«*j-^ t<j>«Jl (jS^I ^j-*d 
14-o jjj-S o>>Jl oLS" L» ^jIp ^jS-j . «•! JuJl y jf ^>Jl *l 

. U5L>- 14-0 IJla vil^iiij . tijA x* 
uiLl^l Lu^jj . tl4- Oy.jSiS tii^iJ oj_Jj oJlJI a>-j ^Js- '-iyuj 



J-yUiJl £-~i □ 56 



jloiJl IJl» . L>- LjIS' jlS l* L.li ^ jjlc* ^/ 14 - o#^l 

^ULjj (14 - jjjj-^l (JJLSCiJ ijji (-_jL-j>- Lu£»j tij^Jl jlj^Jl (JJ&la 

.(iuJl SiUl jfj ^yJl ,jil£Jl ^JJlcJ^I 

Jl JjjVl o^Jl ^ c> J*Vl Uji, M) ^ 14 - j^Jl 

w t ^-Jl (^J_* a_qJL. JLj <-* Ljli i_^J of Ml . (JJL>«iJl lij-^ 
LLajj tiJLJl aJUjVIj laJJLil oL*->«Jl jlj^ j^>jj <.<*jOi!l ^Ll^-VL^ 

.Uj^j ti^Jl tjlJUoVl 
Willard (t/ J dUp i£Lyi ^/^Vl ^L^JI ^1 4 1946 <s~, 
•JL> Js* ^jt iiytJ t 14 - t ( - 1908)Frank Libby 

.1960 

pJl Ui>-t lip . ilf- aJL^p jj-j^jiil jJl iia— \y <l*s- C-.M.J 
ciiiJLlI ^ iiUaJl i-Lvtf L-> 13 J-^a>w tiJUJl ^Lic^Vl ^ 4~*S 
Jki olS li^i . *jj>J (^JUl O^jj^JI Jb-lj ^1 ji- J£J diJij tlio oL«— >- 
JU . 4-li.Ul ^Js- J-<a>»j J-Si t ci^T 4_.,<>.>- <JLp j_* 

ilJuJl jL#»Jl ^rjj^i IJLaj .14 - Oj-ij^Jl ^ «SpUdJl 

jj-^Jl ^ t—>LJL>-Vl j-** ^Lv>>>»L) isJLa a_»j JbJU>«J 

jf ^jUj .A_j>yjUl iJiVl 0iJl>o ^JUI ^^^jJLj <CjjI_4*J t Ajj-sA Jl 



57 D JaMJdl 4 jJuJl 



^Lai-Nl Otf <J5 ^Vl ^a-UJI jL->JNl gjti jpj i*s* i-S>Vl ijUJI Jl 

oLJa*. jf ^1 * «-jiJf 25 JJ J*a*- Ujj juUJU jL-»JI ^>-T 01 <y 

. i^. <-»VT 10 JL. 

. ftlaiJU jiU* viUU J* 
^ US') c~>Li 14 - ojofll J.U* 01 J>\ g 

j-Sl 14 - O^j-^Jli . y : QxiJJ jJL^. OjSo c ( j-jJLjsi)! ipU> 

o^LpLiJl jJd L-jljlp j*j ./4.5 l~~x> A2 - OjijSi\ ja ikS" 

TjlJLi. UJL>-f lij U jju \Saj .lUjt 4pU- 0j& 4 12 - O^^Jl^ iJUJCJl 
OjS~-i t Lt j_>J ^^Lp JpLUL jI j laJI IJLa <_a*«J L^wj 4 0jjj-£JI ^ 
j-p ui^jJl ^ 14 - dj^^iL, j2i\j 12 - 0j-»j£JL; JpLiuJl i_i*aJl 

Jjf 14 - OjijSi\ 0j£j jio tjiiU SjUJ JLif ttkiJl ^ ^>jj> 

,Jfcu c-U ^^SOl oL-> J»jL- Ofe >l >NI luSUi .^.Vl 

iLli -Uj ^,1* J^iSupernova ( * ) JftUp ai 

JJbJl SjJ 01 Lij_p JLij .i_yLcu iJL*4j ^j&l ^L«-i^l oL-> Ju# 

0j-^* Ji*-, Jj-^l ^J-«Ji)fl olj-Ju Jjj»- L. S^Si Jl ^^aUJ JLi 
IJL»j t i*jJLi!l jUJiVl ^ji>- oUL>Jl ujtki** t 14 - O^jSOl 

. IsUL*. ^ ol jsfcdl dUL- JUaj ^Lp opL- L. 
J_2>JI olj-Ju, ti-i-^UjJ! ol^ „«.-,, .JLS" l^jSS\ ^Ijl^VI Of VI 



.,^-JiJI. 



J^-iJI il~J □ 58 

N jf JjU _ (i^-iJl iLSJU .iJjSLlJl ^ U J* t^l^SOJ ^kJcJl 

ij-~S ilJLpf JfcLl»l L^P £^ c J-^' (^5* ^dJj-^l Ji^-**^ ^J 0 ^ ^ij-T^ 
J& t 14 - bj->J3\ ja J\ &\ L^i ctl^l ^ oUjyj-Jl 

t^jjJl tij-iJl p--^ ./k iS* 3 * c^l J*L-xl» 

i>* jj-** - ^' piJj-^L* cjs*bj-s^' <y oL«5 liJULA . aJlJI 
of ^JI^JIj .viJLJi AjL-i Uj tUjL. ^ l^j ^1 SjU«>Jlj ^-Ml tUJp- 

Ojil^l j>» t^Vl oi_* ^ t _ r -LJt jJi jlijjj i radon Ojil^Jl t£-i*Jl 

tj>Jl ^ jjiljJl i^laJ jf < _^J( <>• <^JjjJ t*t-ijJl ^^Lp 

. tuSL~» ( jp I Ju«j 

ijpCl <_*-iVl oLwJ J-^ljJuJl <*>£ijJl »iJULL» ciiUiVL, 

.5L>JI 

.iiVPl oUUllj jll^Jl 
ol^fcllj cLp-jU Jl> li«J cJtf (5U- JSj) ^LJ^I of ^1 
c-»b L._S*LJI liSlj-Jfc ^ JJf ^ ^yrjUJl £L«-i)M IJLa J-UJ 5^Ij_JI 

oiVpi oUkbJl jf JjUJI jU*^! JiJji jl» ^iJI ^-»Ji^l ojJLi . dy** 
jL>-f ^ Tjl>- <Li^ iJLSU[ (_$ ^L»-i^l IJLfJ ^Lj N 4UiL«>-f ^-p ojjyj 



. jlJl - ! ^«T,„.,ll ii,i>JI oUJUolt (•) 



59 □ JaMjJI £ jjl-JI 

J* \aJS\ J; _ oL^Vl uJpf ^ii . ^p*! <^~j Jj ^jJl obj>Jl 
4-*J»Vl Oli tJL«>Jl oUj£« JL»-f tp^ljjjl tj ^bJl »JL* .^5cJl 

t 40- p^UjJI tUjJUfj t41 - ps-UjJIj 40 - p^-l^Jlj t 39- 
40 - *y~JZyJ& 11* £L*A1 uj . ps-Llji S ji 8400 ^ Jb-lj Sji o 

Liu oUy.> jila-i ^^-> i-^- jUL* 1.3 ^k^a'.W a ^L^j TjL>- Jji** 

ipjl oLJ^I ^ (jj^ £^ "/oO.Ol^j-iJl r ^Jl Jj 

& UjJJa 83 JULjj ifjs-lijJI ^ (I^p 700 70 ^ ojj Jb^ 
* L.I yJu> 83 ^ 40 - ps-lJjJI olji iJiP uL»- .40 - fjs-fcjJl 

<i^i k> tOljU' si* ^ <il&b U iOp ^L~>- (^.aJl j^jJI ^yj 

,5JlSJl j 1900 y» v'j^'j '• J* ^ ^ oL-l>- 

<JjJ\ 0i» t J*-jJuJLj .L^UJl fcjJLjj 50 ^yJI |t ..„>lt 

1 f* Ua - i ^1 L^-i ^Lw> ^ J_»-lj ( ^ f w>- j-jLJ o^j-** 4 jJI 
«us Up U SiU JjL» La OIj LJlp Sy t40 - p*-.lJjJl 

t 40- pf-lijJl ^l*-)/ (•— (j^/^d ttW^' V^-*^' tA> 

.40- »j9-.lJjJl g of dUJ5 LiUi t ^_^JI 

t'U-L. LuJ* fjJi; t( ^-»Jl i^jJlt^ <£jjjJ> j^C* (^V LJj 

-1* TjJkJ c j^l <X r <a^ ^ J_S3 0t JL-o . Jhl^ j-*^ li 



<J">Ua!l C_J □ 60 

t|Ul 3 - ^jjJL^JI jJy' "c^" Osi t1947 ^ 

.14 - bjijSU iji./i'.W ja Jui 1/460 <^f tfc- 12.26 t 3 - 
^jJULj) L'l^Jl aaJJI t>y£ ' j> i>-ji Oj5o vI^j iL^-J ^"^il 

/0.12 (ij— iJl (Jlj jLX« jl— 1* J_S" J__ .Li* 3 - ^jj-L-^JI 

t^ljjjl ^ (,) Oj-fL jilj-^Jl y *\}->-\ 8.4 JXij N lJubj tjj^jjJL^A 
tl)^LJ 3 - j-^-jjJLj^JI viL^tjj .jS'JL; ^ i^iLJ i-oi' <,3 - ^j-srjjJL-A 
.Tjl>- Ait aJUp| jZUj IJla j tJ5^ >JI J>-b cAja 

^\ idy iJ Si\ <y '/0.15 (ij-iJl j^->Jl J* .14 - jj-j^il ^ 
5ji (ij— JU>J N LJl L«jj . ^J5" 70 jjj ^JUl j, — >JI Ojij-S £lS 10.5 
190 ijs- iSy^H f~ ^ ^i* ' S -P jW^ 540 JfT SJL»-1 j 14 - j 

1 JLjJ >-a.sAVll ^ L»*>UaJl j . 14 - Oj>jS t ^ I j-j«Jl j _jJL<Ji ^ T*J-Jr 
^ 14 - 0jjj_^Jl ^ ^ oL>~> iJip jl (^>L->Jl ^ tS j> <• js 3 "^! 

.3100 ijtt JS" 

/14 j t 40 - p^Uj-Jl js- 4^JU /86 L^. t iJliJl ^ 22100 y» 
• 3 - o^-»W ^ /0. 00014 j 14 - jj^l 
^yi^J |^~>Jl ,y N 40 - p^UjJl jl c-^i-l L*j 

.^.jJI^j.3- ^jjJU^JI dJLJJS'j 14 - j^>3l 



tijl y . (I Ij-ij I — SJ — - — -T ^fi) 1 000 000 000 000 000 £j\ . dj-.L L) i\jSJ\ (*) 

. ^ j-Jl .^/j-.Vl^ > Ujj^oiJ! j - (UiUji^ij UUl l y)1000000000000000000000000 



61 □ J»-IjJI J 



Uf . J_tfJ V ^JUJl J Lf&j 4 T,L. Tj-f ^klb C.....J J J \<Jc&\ 

JLp Jiia t^JliJl J J ^UjJI J i*>U> Jl 

IJu. L»oL» j^aJl dyJi Ms (,) DNA ^sj^r *-»^^ ^1 M • Lf-^-W 
jl ((^j^oJB Vj_>o *-LUi ^---.-w JLij . aJUJI aJT j^a L_^>- L»— i Ja~J»j *<_$j>Jl 

.ioNJl oUUJl Ji jf jli^Jl j^ji 
^ 1/400 J_£il U^L_iJl J DNA Jl oli^ *kS jf 
t«Ll>Jl Jp LoI_^1p 0 j o.f U . l l oU~~j>JI V^*^ ^ '—rr**! t i-liJl iJbS" 
ol jJJ _^»«J (v_i^3l J i^Us Jl uLi) L^UU» t-ij-^a; Jj nwJUJl J DNA 
^ UjU p—^Jl l^J Oj^j jJl JUJI 

. j»— >JI J>-b »iJ^*Jl (j^anj 
cjiks*j N *Jl J-^b 5>JLJl oUL»ui^l >>-t <ul£j 

ouUI ojJJI cJLT bj VI t 4>jU ^ V^l oUU-i^l ^ o^Jfc J 

. J»-lJdl J jJuJl d~>- t DNA *<^>- J>-b }Ui oiyry 
J^>-b p,w»LJjJJ ij>-j N i| 40 - ^w-lJ^Jl Jjj toi* JiJl a$>-j ^ 
JO Hi (JWljj tj^r-jjJL^Jlj Ojjj^JI olji aJ jf .DNA *t|js>- 

. L jlJvi*j 3 - jrTjjJ^Jlj 14 - Ojj^I 

^-kUJ Up I a^Jj .^Ji^ Ta^-ljj t 14 - Oj-.^]l ijLi. t ^Vl 
.14 - Ojj^JI JLp jSyj t i>*^)l Ail; ^ t 3 - ^jjJuJI 

• 14 - j&js* *j> J\ J>»«si * 14 - Oj-;^ Sji -»j* <ys J 

tAJLy^Jl DNA t^j*- ifcJ» 4^^-j^dl Jl Ojj^I <Jj>d\ IJL»j 

UJvJ* jj^Jj t ia-soll; 0 Ja>- (JJU JbJv>mJ ^><waj ^(_p*J _ Ajb Jl>u _ <i<JL>J 
f*-f " 

t Lfll Jil JLj^j&I jliill t f~~9r 14 - Oj-jj^)l 5ji »j JlJij 

^Jl Jailj Jl Ji>J Jl ^^iuJl 14 - ^Jb Ji (^15^51) ilJbjl iJLji 



• (^-r*" -deoxyribonucleic acid ^ .■^Vl ,j<»ji> ^,J\ 0 *»>J\ (*) 
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lJu»j t( jjjk-i ^Jl DNA .V.» *^ j-^f i«Jl£i . *_Jl ^ ^ oJL-U 

.^LiJl Jj^^Jl ^Ls>»* IpjJ JSlij 

iiJLiJl ^ DNA J->-b tJji^l olji iJip L— Lf ^y>jd 

&JI <y TjuvIj te&Sj (U>- 20 JS^J 14 - dj>J3\ SJb-lj Sji dUL* 01 

.U>- 24000 J£J 

tLJU- Oj-Jjj-J 50 »JI ^ of (J-^j ^ t^-JU* IJLa jJU J_i 

DNA olLj^- ^ibi*. ^ 14 - d>o-£U 6 J[ ^jfX 

. liJli JJi c^l* 70 jjd <jLJl 

. c&^JJi ^jJl, J Vj*J vr-i '^'j J&» 4 t> ^ 

v...».>ji JL*j . ijij* I eijk O_^o ^ j! ^JaJl« jj^** 

.Jbu L-i LJlJU—l jSUj <JL>- Oj* liijUjI oNj>*Jl 

^UpVI L}U U*,^) J-dJI Ijl^j 

J_>-b A^-ljjuJl 14 - tf. (^Ul* y& j^j) t^r-ej J^i 

olji ^ •JdjJ L. Js- yJ&yj tii* ^^Jl jJfc ofj 1 DNA 

.14- 0*^1 

JU, ^ cDNA okjsc J*b 14 - 0^>Jl >>■ ^1 V,T o^f CuS" 
^ 1955^1^* /^LJi iJLP m^j-lJl (^-^^jJJl^UJi)ll» jl^p c->J 

. (U ^>-f iJL* 015' 01 <-»^U»j ot.........».>Jl 

pJb ^J_JI 4 J J-^. Li J* JjVl ^jVl J* J-2^lj 
j-j-iC dJUi J\ jjl^ Willard Libby (</ J a ji 0>^ JLi . dJUJL 
L«.l.k-« j^f jj Uli t JL- J-ixj tli* ,y> Tji-?Li c S ^[ jJ* tiUi 



The Journal of chemical Education. (*) 
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<_£JL) cjLJjJlJI <jj_& JjUc ^ jf c (Drosophila) (jJuJl i>Lo J2> jl 
js* <bL*u ii^Lp dJOU cJlS" lij Uj tolt^Jl J^JI oli jl ^1 oV^L. 
JL>- ^) ejLj jjjfj t jLWj— Jl J_puJl *j_iJ (5iljj3l JU- ( _ J ») oiljj 

. «oUjj-JI ^ 14 - O^^l (oilijJl 
^jJ (J t Jl-^LJUj . ol jLv^l oI» JJU cjj>- \i\ L» ^ 

4_->j-Ju oiLjj '^—J OJl5 i AjjjJI Jj^aJI <— >jL>»j <jl cJli*Jl C-J^ 

.VVI _^>Jl J>-b 14 - O^jSOl JL>-ly ^ 
tSaLjjJl ejljj ^JLp ^^Lp jLS" (Linus Pauling) j^JjIj (j-j-J* 0' j-** 
The Journal of Chemical J\aa dj£j of J«T) UJ l^jkf <£j 
f+Ji Ji t^lkjjL; L*f^i 4_;f Tj^J^ ^ JLi ^1 iJUuJl ^ykj Education 
J-5 jt t^jkU^JIj (JUJI Sili £b*)f iL^ jjiJI JLp f Jb JJii .(dUi 
oLaL*JI j^j oth>vJl jLW^Jl oL»L<»J j-* JUjI t j-^' jrr?^ 
.genes c^Uj^Jl ^Ul^j i^>Jl ,J 14 - <jj>j£Jl JOlj; tioVjJl 

^ - tr^' ' l-i* ^yl*- 4~*l j>j cJl£ 
ijj>Jl olj_;>*iJl i-Jij t 1963 ^Ip uj^UJI ^,1*?- SjuU* ^l-^T 

JSu jjfj tdLj-j^)) j ^^aihjJl ^jjj jlS" Jj^j Tjj>o ,J\Jj 



v ; 

.iJU ^Vj t^u>Ji aUrtl ^ 

^ ObJl J^^-J Jlttj 4*l»jJL5ll II* jUail ^ ^1 Uji p-jj JLSjf Cj£» 
JL»iJl £j — *s»j_* jp oil** t^j-^VLi ^^L&j . £-js<»lj_*Jl sJL* ^P i^jJL_>«Jl 

:cJ*j oL»j oiiy t robotics ( * ) oCis^^Jl <^p ^JJo^i cij *U- 1«Jcp 

. ^r^i\ _ robot J»^JI i J^l OU)ll 4^-; c^U U jUa U (•) 
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coVlj.^Vl ^IjJJI J J[ J^r Ta-- J 

. ?l*LaJ| iJkA 

(^jjJl) JLi Tjb-f Ot ^ .(t-ji^i &«**Jl JUilVl JJL-j 

.<»w» t^JLJl j-^Jl ^^iJlj J«l>w jf <^ t)f *J jl* 

^ j^S\ Of J>^*JI ,>■ JJt* JL«p- »?*LUl <y *IJJJI ja ^aj LjJ 
. . ids' c-*^* JSUJI ^^Ip £»j>-t jJUl 

^-a^'Jnj ^yisO Jjt d)L5 ^ i!>Li» . Jfi^»- <-i££» V (j-LJl 

dlS *jy tillju-s- ((ijUl tSjJu-Jl JU- L$i« i^Utj jJl oil^Jl 
. IJU ^ Leo . j^sLjJI it^Jp _ £J»UJl _ ^».j>U« j^JibU 

JU» ^1 ^ j-^P J-^i ,JLp e jJu* oLX _^Jj J-j>-Ij^ cJLS L4JI 

jf) <Ji» t ^LiJl ^JJI ibS JLp pjkJL^-f ^ipj o^i JaSUj 

ijj>wJl jU^-Vl J* '\j~S t^LJ t. f j£ 4*Zj Jj ([#[ 

^ jJl 5jL>cJl jJSL JiJf Oj-^~-i to^^Ji— *sl~J>yij .(ij^Vl 
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f • * 

«, ii j_p ja <_£ j_s^l il _^ cJLS viDJi-S' . i<iJ| b ^JU\jj (. yds ol£ ai« i_iij£Jl 

.|c->jPj-»» u5 ^*oj iJUjJl ^ |<jJL«c«| <ul£i 

^jPJ-J j>-\ £_« ile-Ux* L»Jb>-lj-J j£> of J-**>«j tLJL*-S' 

IjZS jJLJj OiUJl ^ylj^- ^1 yiii! toL«l>Jl oJa .Ores i«UJi j\ j\S J\ 
oL«U- vJLJL^I Juu i_siiJl oL»L>- C..a.>~'iTI liSOkj . iLobJl j^>waJU <JiJl 

. ^jUl JJ l« JJ-rflP ^ Ci* villi £«J tV^JkJUl 

Lfi-j-JL j_iSt A-s<a.a.il C o w > f ti»J}L* Je»jj-i 0»J jLJl ^ Sjs>-Vl oi_ft 

.v^jkJJl 

<y 9000 -.j 450., <UiiJI ^ U-j-Ji p\ ^-L^JI otf L^j 

JLJ ^LhJI Oj— & jf Jj_i*Jl .j^jS ^yyJaJl <15Li ^^lp S3jJL»fc» 
t j frrfal b ^Ls^Jl ijio ^ (^-UaI L«JUPj .k_JfciJl JJ *. -Sij^iJ J^jCL-I 

of _ ly cji)L ^U^Jl (3_^ij - tpj_Ji ^bJl ji^f a*-l j JL>JL>«JI 

oLl> i_JU ^ jJi^ i_jw>t t j-^aJL JUJbJl 4-»l>- iJLJ of Li" . J^t^l 
iJL* iLjJ* oUJ>l (J t( ol^Jl Jij .^-UJI jf inoiJl 
. ( . f .3 1500 flp) ^jj-^Jl J 4i*L>- ^ JbJbJl 

jf JXi J^- *LwJl cULJJLS' Jai~o tO-U-5 JUJbJt of 

ji>- i^^aiJl aJKjl* jljJL>JI ^ijJ. tiJjLJl *JL» J-^Lj .meteorites iijU 



67 □ j>Jl J-U- 



\ » Ljjj J— 2lVl SaLJI <jl — S" . L—^ajf <juJ ^Lso ^JJ 

oJl» oL- jSj .sLJl J&J <--~oL;t ,_,» <u~&j <uJy J$~ J tjjJJI JbJLi jJU 
^yJl i-^>Ul <y ijJ&)!lj Plumber <JlS" cJfcJSlj . iJ^f-j j— 5c; 

cJuJ>\ li[ .^jjJiilj i^JL-Vlj olj-sVl ^ JUxu-'^U ^U»i V i^l 

_jA »_»L*i«Jl J^^Ji OJUmJIj dyjj_Jlj JaJjJl IJjb . A*-jii ^IxJl 

£jjjJlj ^j^jJl ^ jJjj_Jl JjJL»jC-«j *^j->- JUajf OLS" . ji.L.*aii\ 

.JUj «JL>JL>Jl j^aP» AaJ |*j 

j_>*Jl JjtL* j-j X . rt. ft J I |*^>-L» Cj.Ia V^ I Jij .5jv« 15 _; ^Ls^Jl ^ Lpj^Ji 
. (^tjjUl (^>-s- jJUaJ ^UaSJlj aliJ Jjf tiJUS jlS") jSLa JSwj Ja— jlJl 

.villi J-sflij »l jiil Js^Jj (Cornwall «JIjJjjS"i J^Uu U) IjiX^aW 

.isu 

OlJL^Iji j.^LjX*.* jJ- oUjU liULA cix^Jl OdlcJl sJla iiU»VUj 
. (wJkj II ^ L_*JL>J < _ 5 Jl iJL*>JI 4— J.L.W.JI A n^JUl Oji ,j53j ijjlJl 

CJIS" ^1 Jj-ijJl ^-~*>»i . C-jj-53l jj^w (_^Lp j»_w>«^ jU UJU-if U 
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ijl ijj_i5i)/Lj jj->j tburastone i<3 j_>mJI j-sk^JIi ^^ju Uj ">Lt. 

. iC-i^^Jt _/r»>-i i^f brimstone 

i— o^-P tijjf <3^-**y ^-j^ N t jli '.U CuiU Ooj-^Jl JLjC-SIj 

dLS . a»I ^1 *UJt i J-oJ V Ulf T Tjl*. jllJ a;V villi* J, t i-— >j 

J>-b 4_.la >Jl j^i 4LjJ[ f-lj^Jl Jj-vfj ^ Jb-o v-.L >JI ^ja 
IfJ jiy ,J cJL*-il ISj 4*bj— Sal. J>>^d Jj t J-»tf J^i; Jj^i 

js^-i ojl -UjJ £• ^£Jj 4_^JJI J-iiJl £• J 4 ,^1^11 *\y£\ 

. ^UaJl Oj*j£JI Uajf 
.j^iJlj >>UwJl *yry. (J* OIS Ol—J^ll o! ^^IjJlj 

j-^LjJI ^ jujuJI 4il3U» otf 4^^^! ^LjJI 0 Ju ijUi^L. 

4j-Jj^ <~>«^J t^iJI jjJL^ai _ ^-U^ t^iUJl JaJUJl JU.O^I JJ t !AJUi 

j_sP) ^j>-\ i_*L>- ISJ (j-UJI i*l>- of JJIjVl ^UJl Jilt- 

. y'LvaJl ^IxJl ^* j~^* twJLs^t LwUu (JoJl>- ( Ja*j L^Jli 4 (^.l^ait i«U- 
. ^*jjJl i»l>- JUjc-.I 4jiJUaiJl i«l>- (-iLi^l jUj ( | j SCj .arsenic 
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^1 .Up OU-L* t^jla-^l Ojj-iJl JJtjfj iw-UJl jj*a*Jl J^U- ^0*- 
pJ I* i^L* JS^, j-ia jSS <J f LVl dib ^ i-JUJI oULi^l of 
IjJL^p ^JU! pjk jjJLJij ti_»L~* ^_JjjJ\ i_»L>J .SJLjjI* iJU^ oLiJaJ L$J 

dUjJj ijj^L^- JUjC-I ^f *J <j£> Jj-^J' (^d cSt> •Us^ p 

. J^Jkf JLoi 

ol—S" t 4-.,»,U,ll J»l_— jVl ^1 eg j— rt . '«f l J"*"^ «>* ^ 

JuJ . jLJf J> t (1280 - 1193) Albertus Magnus i^-^pU ^-jo-Jfi 

^JjjJt 4jl LJL>-f tlJLjJj . ^j^l J* c^JLp- J*o>- U 0j£ <y 

Jjf i^-j-^U o-j-^fi dj-£~~» tdiJJL* ^Vl oL5 lak .1230 ^UJI Jl^ 
IJL* .Txjb*.; oLSUJIj ^sjUIj (*—NL» tijjM J^t^lp ^^ivl 
J_J aJjp ^ Oi ^Jj^Jl Oj& ol oVLi»l . jllaJl \* j£ ^ 

. j***L-.f <*±j*j "if ^U^if JJ cULIi 
Jbj_J t ,J>^JLS' ttjJi A«.v>..~i ol£ ti>-f «—>Ud>- jf Uajf dJJL* 

a^mi 3000 JLj* ^ J-wCxil jJ <^>L«a»Jl IJL* Oj-^j «a* . it «j 

i — ^ ; LJI >- i_ij_iuj Stibium oL>j jJl JLIp j— *j >(3 

. (oyJL) JUiVl) Oj^Vl <y LjU^-S" <_iJtjj t Stibnite tc.jl'.. ;a :..*i 

Oj— ^Vl ^j-^a-j-*)- . ( .J 3000 ^| aj_«o L-wj- Oij-*^ 1 usi 

tfij-ikJl Oj^jVI ij^Pl <bl_^P v-jL^ j cOj^bU <ui*L« Jjf cJl^ 
Basil ijs^Jl* J~-L»» <wf ^Uil v_Jklj ^1 v-~Jj 1450 iu- *j\ 
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<j\ *)}[ t j j-«yiVl i oJLi^a LlLj^-f ijjsJUi ^imj <w~_Jl iJLfJj (Valentine 

i^JLi v-Jklj ^1 lJj tj»>JL>-t JJ 1600 *JL« j-U t— >L£Jl 0j& JLij 

LLs4 AiLi^l .^^iiJl J^i US' vlUi JJ j>. jf d400 t Jjp U 

J.L- <_»Li*l ^jL- 01 j cjj-j^ uiJl^Jl 01 JL^Vl J&j njssJLii' 

iJak^ vlUjJI ol*L>- cJtf t i~JUiJI j^^mJI j .dJ^))l *JL* J^f 

I j-jiJaJli j> idU^lij ^L^l ^ tkJ>- 0j-& ^~>v c^UJi oLtU- £_* 

Of Oja 4<wJ»jJl OjJ \j£S 4_Jij OjL ^iJall J-*^> ^-U^JI) brass 

li* Of *i\ t dLi V- ^juU ^ vULJ^Jl JU> J^a>JI 0tf 

• ^ <y J**^ *** <^^JI ^ J j-a^JI 0j& of Tjl>- 
p_Jl l^^-J SjL« Sj-ip i^ii . 1674 ^UJI J ^jJl 01* 

c^l LfLCt* iijj-jt* If*.^ cJL^ i^j-UJ <-^~tj£ 

js*- ,y tjj-MwiJl «— Jj JOu *U— Jl •—•^ (_j LL>-f jJLj cg»jiJl JbJLi 

UlS" Oil* . j>»iJl J-J *L-JI J^Ji j iSj^ ^L»-f <uLlL* ^ ^Jij 

t j .ul l* > > ^» ( j ~*->»i t <Jjf 0Uj_Jl L*jk jZsA . i^Lsa)! i*L~Jl 
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(ii^JKjNL. Hesperus) i_^J*>UL. Hesperos i^j^^j—ai *L»JI Ij^-U 
J_*U-i < _ J u; <*J£ {J* viJUij (Phosphorus 4jjJ&)flj ijUTSUL) Phosphoros 

. qUaJI ^><J Lucifer ijL^jitj t *L»Jl |*^J Vesper <j~J) :oUjJl ^jJ 
olS" t dLi djJL. JAJI dLUJl jJp Tabi-l) ^Vl >T ^Jlj 
. JL*jcu-I La....j t Jb-lj ^L-^Jl *1 — Jl 01 (L*J* ji^Vl 

J^p Aphrodite tc-oj^fi Lj (<»-£j_£)I iJLJbJl ^ jf) uij-pj 
.tJl>- Uxp U5 d\*jj\ Xp (SyijJl) Venus i^-yJi L, tdU^Jl 

J* ^.Ji U j^JWl p>~Jl iJS" cJ^-l dUJL 

JLJ^I ^L^^JI Hennig Brand iJJlj—. £-JL_»i aI^- of Jj tJ-JLtj 

. (1692 - 1630) 

jj>A LJLp-f t-^pJU) i*jJLi!l iaJUxJI eL^iJL; J*ju «JLJl oLS" 

.V-Ai Jo>J JiVt ^P jf t^JO 

. «C-Pjf J i_JL* Sj-ii J-O Jp C~— yA c4-i ilJUl il^Jl J^*J tif»^S3l 
oLL-j_»| I — • Jp i(^j_>-f ilj — * j-j i (_$ j_i>J Sj-JLiJl ai_A CJL5 
tOULsJl J ojLjcJl ii^kJU <_JLaJl IjJl ^Lp j»j . |pjij-AJl 

n^jtJUl jU*^ ^JUaj juju»- Jp J _^«>JI -cSw olS 1 lii l« (^jJ 



^ij^. J_J <yj (l^UI - (1674) fjU* 

»>* "^"^ -H* ^ ^La^ OIS SJUO^- Silt t-iLliS'l jl t^JaJlj 

• ljL » o-^^l ^ jtf cPj AJa L\b* ^ 
*-~*\*- dli; CJL5 . f^LUl ^ j-^>-t jjij gAjj cJS JbJL>Jl SaUli 

<^jJ olS" 'JS ijyc*-L> iXJU- ^ pLJl iJ&JI ci>-JL» 

jt ij-jL-iJli ; 5j_»Lt t^^UaJl £-*>5 OiL** (HJUa 

LfJ i»}Lp Nj) Phosphorescence l gjjA~>jJd\ jJtdl jfiSj-i-iJl) 
JJUfcJl ^jOij-^ J-»u «^JL>«j| N yL-ixJl . (4_,, » .... ;l l ^ iLidt 

JUo j-JLfcjSCJl Marie Curie ii£j£ <_^JkJl £-lJl fj^jJl 

J[ LJ^- Jj_s*s t lJL^ iiLW jlki <, j-^Vl ^ >±>j UU1: J*Lb 

JLt J^asJI Oj>-T Oj-iU-S Jjl>- ^ i>JfcJl SjU)fl t-^-ij 

(1691 - 1621)RobertBoyleiJ^o^jji^U^^I^L*^3lJjPj . 
t oly-.c--u»Xl^iJbu*Ur^TVl tl680i- tjii^j^ ^I^JI ^j^^l 

O^tJ-Jlj Oj*-^VL» .O^tJ-Jlj Oj^-iVlj £-sb.>Jl »j— t ^» 
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jLs-Vl 4_Jpt ^ d-j>y (j^rft >-^4* USj 

Gottfried WilhelmLeibiniz ij-^J (J^Lj ^UVl jJUll ^il . j>Jl j 

t5 ^ii^5jl;)/ s? ^ J ^ (t jK»-otS jjA^>^\ < y»*ji^id\ 4^1*9^(1716 - 1646) 

j a JL>» s ^il j^i 4 £»l _>JI . sj^ai jjj^ A»u l$U„,*,j Jui t JUc-iSJ 5LIS 

JL*Ji)f ^yi^I ojl^s- tiJUi Jj> -Jji of ^1 oJULj (J i«J*i 4_JSJjl ^ 

?JjjJl jt v_JL>Jl J-JuiJ of 4_— LuJl cijJl LfiCw ti-^L>. 

iys- * — > *-yi. t^^fJ J_jcJLJI oj^U vi~>- tiJ_.J_LiJl ( _ 5 uJj match 

tt-ijkil ^r-^d . LiS^ <3jjJIj jAj t^jp t-i^t ^ «u>-U-j 

j_i»L-.Vl ^ 4j)fl t Prometheus t^JL-jj^i ^ 4 Promethean matches 
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J*>*j Sjlj-s*- .iJl&»-Vl JJj-» t,j-i>- ^la— c5 Lp 45\»o c t-,j£j *ij-J> 
ji\ i^LScs-Vl oLdl jlJU*Jl oi-A . Jxuiij LJU-J J-pLcj .kiJl «-» >JI 

^ JJ ijSjJjSjJi oV if?- ^ "j-O* J-^ OU-pi LjJ^_« — j Oj-S^Vl 
t(tfpJl locomotive iU^y^^t US Jlp L-Li t jMbi\ JUiiVli 

. « jjLwIjJ 8 «ul£J (wflj j>«^ j>-f 

i^JLw ^IjJj-^jJI ^ JI^JJI ^L^Jl OLS" tl835 

.ililuJI I^Uj tjS>jS[>UI ik-l* ^-Ul IjUit jJI^I 

. <L.l& jij^jjJl *U*pf Js. 

Charles tL-uj-^> JjLJii ^ju ^1 t 1831 ^LJl <j 

(S Sf^l»~» t j_yi-<^iJl ^Js> i£y><Z i-jUJ jlJLp Jjf Sauna 

i-py-j i^-fd; c-JLJ t olJU«Jl oIa . L^>- JJ J.«.-..tj DI-uJl of oS'Cdl 

^• r -i t^Uill jlJL-P c5» O^Ujo ^JJt iL-»-f ^1 ^j^ykj .^^Jl 
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*&J> oU& J-^-JO jUS ii t ^Vl Jjf LijfL. 4-«,t,...ll il^Jlj pjil ^1 

. ^iei\ ^/ ^AjS ^ tl^jjlisj oIpLJI *srj Lf» ( _^UJ ilj^ ^ Tjl>- 

cu* t^jJcv* <y ^1 j-^il) .0L4JI ^ dUi j^Ull ^ jf J} (^fj^ 

. (pjal ^JL ^ IS jVl Uk. ipL- J^-t 
j>S Ojl^f) j* ^jL-J ^U-S" tl845 t,-a>t>-^l Oii t Ji>Jl sJj 
Sjlj^JU^A^f lil^j^jVl j^i-jAJl jl(75 - 1802) Anton Von Schroetter « 
c-Jji oi» (L*~ JpI^. V 0^1 J~«Sf JlS jf j-^j s^<yj>rJ 

oli t-Aaill jlJup JUxlwLi u^ju '1851 ^U)l *Lt t^jj-ti Jt>-f liSOkj 
tjj^-jVl jj_<L-ja)I UoLiJ Jjf tJ jjL.j_iJl iJu jf .j-^>-Vl j_yL-jjiJl 
OIjlJI JUjc-I j^-xJ t t_> » Jl IJLjij .iJ^f-JI jj-J <JU-il oi» <_PUL»J 
^JUl ^C^Jli . O^UJl Aa*j>- Of ^1 cdyUl iLfi \j>- <j<ajiVl j^a«->aJI CjIS 
Tj-si-f ^LpjVl jb>-l t Ja. j ...., t ^Lpj| ^jj Oj_*Jl ^-j jU>Jl Ja—J>\ 

oli i-iUiJl oIjl-p c^J^p coLjJI ^ .^Sj 4i«jUtj 

j£w t iaLJl OIJuJLi .lO^-LJl ^.UiJlj ^lij t iJbJl s^kiJl cJtf 
-Uj_x) Ajjlh oil i-JLw*-^! ilj^Jl L» c j-i>>- ^L— (_jf ^ Lf^>- 

. olJL-Jl ^jjj ^ Sij^r-j- JUciNLi Sjl ^Jl J[ ^U*^ J-pU; 

.OjJl jf 

.iaeyJlljLA^ij^lSlNiJ-iiijJ ij^^Ul^LiJW^I 
t> jj^-j-^I J>^- i»U»i <Jj-»f U J djSj . ^ IJL* 

" . JUI jMaiJl 



v ; 

^jA i^*> frlJLP <L->x»L. ' >«j t 4 -/>'• » ^S- I ~~Z>%A l _g-" a -' 1 C~Jtif t ^bf J— ■■■» 

Jjut 

<j**Jj ^J^^i (^^r <^-s > V LjJailj c ^w| CJkj-i JLii ^ULj 

i£j\—~i ij[ i»JL>Jl SjuJU i-jUo limerick SJU^ai 
(^jJ»l>- <--..MkJ cJjU«* O'j-^^ 1 <5* cJfe^ VI jfcfj 

.lJb;-V Jj-JaP jj^jJl jJl A*Ja}\ SJL-^iJl oJlA ^l^ll 
iSljlfl *>-y (J ij* oJL^aSJl JLp JUpVI Js^j 



77 □ pJi-Jlj Uju 



• -ktf ^ 4p" rfrr* jJj ^ c-fe-jJ O^. Of JiVl JIp JjJUii ,J 

^-JL^v Oc^— 11 j»« V-*- 1 ^ ^ J 1 — ^ J[ o~^\ Jk- 3 ^" -kf-Vj 

. libs' 350 <d, . ^JS 4i[ t J*V 

. SJjsai 350i 

350 

.i. . ^loL-^jjfi t-^tj cL-jj ,_,» ojJj jlaJi : Jj^Jkp _ 



• 's-Jj "rO* >r'>>- iL-iJjfi j 



JV-aJI «1— ; □ 78 

^ d^JbcJL tc ^JUJl JUJIj JUJI J JLL. Tjbf jt J o>>- 

V 'L. ^-1— f >i^>" J* L*i^ US' Sl^Jl 01 

JLSUit ol f Ip J-£i- ^ IJia . iik. jt Ul j ^ibi*. obj>Jl 

^ ol-»Jlj ^jVl olJUJtf tc 3UwJVl Ufr- iJ o>£ dV iLli SUJI 

^jVl cJJL of jlj^i-L. dJUiS" eJtf I4JI J. tiiU-t SjU-^JIj ^1 
ojUJL, t tiiJL^ ^1 i}U«ll j>J jJaS (J • JWI (7/8) oLJf 

. i«i*}Jl 

ju .|>»*Jl] .k»*Jl ^ J-Jl»*^ of 4V»Jl 

l^Uaij tlf^u ^ irdj>Jt l\>^\ 4-JT J-iJ i~>-jl>- 5j-ii ^ $S J£J 

. If* Jojx^Jl j>»Jl 

[< Jr sJl oUVl] jjJyLjl .Uj, SjLJI Ij^UJl c-lii .L^UJI iJLpI j^ScJ 

j-^Ij ^jLSI^Ij syJU ^^Jl oj£JI J_£ij t^JUJI ^1 
^ oJ^J t j5>-X^Jl n|jJ >-T j-sojj iJj . v^^'j >!y*Mj >U»Vlj 

. t^*P <kl ^1 i^Vlj jUjVl j ifJi-Jl ^J^l 

^L-JUJl ~>- * t y>-Ljl« J t Qj .U 600 j_>J J_J 

J_*jw (olli ^f _ Phyla <wjui) oik>»* oUj-^>** C-«U t ^jy»jJl 

^* Oj-^* (^f ^* j£l 1 iK*"* JW*" ^*~^J My t t-<L»l *ij>*~0 



79 □ f£uJL l*jb 



jJl S j>*>*~J\ fossil i-^-il^Vl SL>JI U* ^» j£iJ U*aJl «JL* 

. jj_>waJl c^j_*L* u j_if L^LukJ (<L*j*)U Jpjj_Ji Om) oLiiJ J_»^Cj 

Uj-fcP JjJ-j y j^pwaJl ^ Ja2i j-iU-Vl <^ jj tc- v >Jl I .if) . 

.j>*>cU iLli iJU *lj*-f ^f viUL» (J cUi JJ i>i OjJU 600 ^ 

* * » ' * f 

«oLlpL*jJlj) ^ 1 1-o.jaP *^_£-A ^1 oLil j~»Jl Ja~J CJLS 

5JL»j>- J-S'La 4_jjf>^Jl oL'ISGl elf! 015 . SJb-l jJl SJUJl oli radiolarians 
JL~~Sl ^yLj) Silica «LSLLJl» iJj_£» tSJJU* <oj .^p j-p 

a-J&*)I SiLJl jj tJ ULJVl SjJIj L*J/ tUSCJLljl of Vi 

Oj-^JLJl oLSj_* ^ Lf (_$_pxj *y tLaj^p iJljj^Jl oL>Jl oL* «uLi 

* t 

j->u *>L« OjJ_i» Jii cL>!A>Jl oJ-LxuJl oUljjsJl Ja^iL I*Jbj 
.^J&JI jf dUiS ^JyJ ^iJl p^JWl oLf^. iiJ> JSU 

Mollusca 10L ji^-^-jJIi «Lmapf ^ i-jj->»Jl (3lJ_v<»Vl Oj-^xJ 
e)Ju*)lj 4_JUiaJl oUI^^Jlj Dbrj-JIS ^j^-f oli *L^pf JL> JiJ-LS 

tjj-kJlj vlj»ljjJl L^-waJ ^Jl (j^Jl S^Si Op li^Jj .^j-^J ^-^1 
(J ^ . i-jj — I J[ cJ-^j_r Arthropoda ioLJUoaJIi of 



cbL^Jl aL_J □ 80 



V| i*-*±^al\ olLj^Jlj oi^tj 4 US <3j«a*S\ j± t-\jk^,i\ OiLL" 

(0j-*U-) 0U>j-Jlj xS^I Ji. oLJlS J_^: jJI) oLU.JU 
J.j>J\) iJJUJlj VJ UuJlj ^U*Jlj ol^l JImJ (^J) 
t(i-}Jj-» bU) Chitin tj-~£Jli oli l**-**- t(,>*;jfj ^jf ft jf 

. <jx^Jl jt ^jjJl j^uv a* 
t jjJ^LJI L, t ^LJ| olo^-j ^ 4_iJj^ *^wi *c£rr us^ 1 j 

^ l—^L^ ^ Tj^- i-ik>*. j-^Jl J^wJ IJukj t ^ J-r jJI Jlp 

J 4 0 iiji^-j ij^* U^t US' 4 iUflJJ ^Ual vi~>w t j~-£Jl j 
I4ISL-A ^ ^1 J* 4 0lj-J*Jl 01 t^iljJI ^yii .ikUl ioyJI tf^Jb 

^1 ^Jl 4_-*JtJl jjX t Chordata ioLUJl> J\ Ua^b IJL*, 

Ly .i^, 0j-L» 550 ^jp- JJ 4(i^>Jl j^Ji •Lif oja»»u) ap-^Jl 
^ tijjj*. L~*p ^ t»3 01 : VjT j_* 4ii >Vl 4_^jlJ| JL. jg. oLLJI 

J^U^l ojJl oUL>JI ^ ll> ^ V LJI JU) *liiJl ^Ijj 4*LJI 

j*j 4 Collagen ij^V^JIi -u^c» ,y c£/^' Jr^ 1 "-^^ 
J^J -c$>^Vl «~*JiJl jJL. ^jJ «jl>J ^Ul ^jUJJ jiTt jL>-b JSL4J 
4_-*jJl ^^ajw ^jJ oL—LJl ^ jOp cjr -liaJ ^ J^-t* i-L>-li JS'L* Jl>*I 
^1 4i->S JLiJ C . ^:> -l 4i-j>»; Oj^ia; t l*Jb-j oUL>Jl 0t Nl ici^-^ 1 



81 □ (JiJO Uju 



ij-JUl o| .o^LmU sL-j^j (O^ 1 SJi^lj JSLiJl J* UJlb- t J*MjJI 

i^-sJlj S^illj ijJliJl IaUP ,_y»j-*J t^^s^Jl jJ> JJL>JI ^ £j-J>«D 4.1; La.il j 
.^j-iiJl :>j_«jJI J-^iJ jd\ tolj-iiJli ^ *I>»-Vl «Ju» .i-iL-rfH 

oL-^cJI Tju>- i-JlJU oU-j-^. ^t>U »L-„t...»L _ JLJUJl oLJLJI 
^^-Jj Vertebrata i-jjL-iiJl i^j^iJl t-iJjjj lolj—ii ob ^y* _ sjlJLJI 

^jVl ti:-. 510 ^Jlj^- J-*oj^ jJl iJLJ\ objlaiJl cJtf 

^jLsi T^^i. jJi-Jl IAa jLS" .^v«>JLi ^j-JKJI oLy»ji c-JL^l 

J>-b olj-iiJl cJlS" .(i^yJUaJl jJLkJIi <J***-> i^U^Jl ostracoderms 

• us^X^ 1 4/~sO J^i 

ill; Op t pJl j>j .Ul^-. ^ Ls-UJ jJ5t tiSLJi^lj S>JI ju&J 
JjJuJlj armadilW^J-Jlj SU>JLJL5 t^jUJi £jjdl oli oLJL»Jl 

.i»*»-U jr^y iPangolin**** 



. ^jlJl- jkiJI X# lfl>-b ^vSCj <uJi» ^>»jS oljbjjJl ^« j^Ji (*) 



JS^il <~-l □ 82 



(-*>) Jjj-** Ji c**^* J^r* ^ tT^ 1 dL *~ i •^ UJI ^AtfJl J* 

. IJu L»jj| t>«*-lj Jljj . (ivJip <Ji SiL. ^ ^U—t o[ 

jJl £jjJli . jJbJl c->J Lf^4 Ua*j t US' i_->- jUJl L^Pji 

J_i«ij . J«»JI *L«pfj £L*jJI i-*>«^>- c->w»t t^t^JI oJL5 
osteichthyes loLUidli oj^ <*ijai\ *S+>j tJ^S^Jl ^Jl ^ SijS ^JiJl 
jjJU 420 JJ ^i^^JLjJI dJU-Jli jj^, i-JUj-Jl ^ 

ioUL,^Jl> (^jLi Ua^) v'jtjiJl Oj^k t< ^Ji*Jl viU-Jl ^ 
OjjkJ jJl reptiles iv_i>-ljjJli cJLS oL3Uj_JI amphibians 
^ • k "I I 1-4 ^4; t-A^^r »JL» >:.la aT-»lj .mammals ioLoJUJIij jj-JaJl 
U J_£i toLjULB" J^JL. ^UL> li*, 4 JL>-IjJI 

. <d jJaP V t Ljlii 

? jls*jl uJJU* fUuJl >*U coil 
^JLy-JI OaUJl jJU t .11 U*-U LlL^ !>LU; Jjf 
^ JL*o-.l . (1818 _ 1745) Johann Gottlieb Gahn i^Lp i-Jjj-e 0l>>jri 

" * * " * « 

J-J^iiJ (Ji-Jl i^L-pi ^-jbtf t 1770 r UJl ^ .L_»iL.j ^L-^-j 

^t_» jf-jl ^JJI iJ^Jl y <A* Jj-^sJl (Jj Jii .i^Ipi c-iUl^l ^ 
:jjk~.y)\ 0>-ly j5Ui f»~*Jl ^ ol^i ^1 jUt ^ Jjf ijaIpi 



83 □ (JiJL Ujo 



?oUJl JlSLif jSU ^ J^-Jb" jJl iJ^Jl aI^JI ^ <uf 
ijj— <_>— & jjij-j j-» t$ < (JL-p ytJ 4 1804 <~> 

t-ibi*. J ..il..-*; j,. bJL_p (1845 _ 1767) Nicolas Theodore de Saussure 

Jj; J_» Uj« i^ljjUl •■Sjsfj-* olJLL-ji)! of JL>-j» . Ifi Jl*j ^yLuJl 
L«jjj t iJLJl oL>JJ 4_Jj£)l olJj&Jl ^ oJLS" j_^L-^aJ| oL5^« of ^^Ip 

.!L>. J£J 

tlfi *ik>%A olji oliLJl -i>-tj -J t(_$ yt-\ if>- 

^ oLjLJI of L*jj tJUJl oJL* ^ .aJJ ^b»; N U. iL-J ili 

Sl^Jl oUjJC Jb-f j_a p-^JVl jf OjSULJl ^ (jf of JU^ U^Ij ">U:> 
al^-Jl Jtf*J Lff tolJLJl i_pljj ^ ii*jVt ^Jiif Xj> oi) .oLJt 

iJb-U ^-j^ol c*ij-^J alj-Jl oJUk JbJ |J li| 4jfj 4<»j-x3l J* Ajj^>J\ 
jJSVl iUJlj .(SJLwVll J^l - . . £jl i-Ij^Jl iJLwVlj 4ij»^Jl 

jl j_» I. if. Ual ^. t IJla L.jj iSJU— fi US Of <JL*i-l jLiil 

. 0 j* j*j UJ ^JLf 
JLidl ^JL Iff ^ tiJlj5>Jl ^ «js*J j'^l «> il^lJLjIj 

J-,, dt aJUju pJi; ^1 If Li^Sl. a5"tJt U^Uji V ioW^ 1 V-^ 1 

. dDi ^ J^iJl «J» J*** t-»yw of jf 4 oLJI j^i hjJs* 



J^UlII £~J a 84 



.oL>jVl ^ i^^Jl *lj-^Jli ej-JLi (Lj^*^ <-jyu L*S") jl^l o[ i*-t>- 
t-jU-t ^crjVl ^ d\S ■>[ t^l^Vl ^trr 

. <*jJUtJl jj-^ajJl ^ jjUJl C~>j->i L /i\ iijjVl jtiliJj jliil 
Justus von Liebig >>J jjJ ^LJVl o\S 

J&L; £-**jt» t<-JL^Jl 5JL-wbU "*^Uaa jJU ^ U J jf (73 _ 1803) 

. .U.«.~-JJ cAj[A^>jii\ jf 1 1855 ix*. ^WlS 

JL» }U t jlj^sJQ VUi»lj loLU ijj^ oULL-jiJl cJlS" li| 
tiJJl i-^-jVl ^ -^Ij-S of • ol&» ,_,» -A^i-j^S of 

i^L^p jj^ <_r~0^' t/W*^' 015" tl845 ^ii . ^JU~dl <uUij 
(jLL^») £J ^ ijJkjJl SiUJl ^jJb (76 _ 1811) Nicolas Theodor Gobley 
.i-jjkjdl ^U^-Vl ^1 **LJ^ W^-J SaU ^ J^*>j -(j-^ Yolk 

L^jI J-^>- <jl . lf>.>aJ fj-^J 5^L» (^1 ^» jj^w U 
ft^j^ ^jp 5jL* j>j t glycerophosphoric acid i^jyL*jij JS ~*li>}\ (J ^>Jli 
I iJjVl SaUl jltf d850 iu* •j^-'j* *P iSy***. iSf** 
. i^^xJl jLL^i ^^aw olijJl i*Jl£Jl ^lecithin i^. J i 
L. oVl <-»yo Lu£Jj tjJjJI ^Lj^-SCJl JJL»x3l ^ c^-^i ^ 

ol ji 9 j t j-rjj-V* «ji 84 j <Oji£ SjS 42 ^ j^J LII *tijs>* .>* 

. phosphoglycerides iolJbj^U^L»^i3li L^pj*^» 

Li^UJl :JLi iJjUJl i^LJIj L^UJI iJtpf ^f^ii jlpL-J ^ 

iiJiSOl oUJI *U^) £UjJI ^ *UlJI SaUJl jt juJ diliS" . ^mJI 



85 □ (Ji-JL; I.Jb 



. ot jl> j ,>. J Lp ^jJLi 
J_*a)L i_»*>U jilJ oL; jUxc-NI aL. JjV tJu i_a.JL'5l Ujup 

jj L^i» Jjl-j>- iJjjjw »->UapVl ^JLJf ^ jj li| <;f dJJS IJL» 

.ij-SJu^i Vi :J^i)l dUiS LuSUj tij-iJl SL»JJ Q~ijjj~*> 

jJ»L-.Vl ^ *U- IJL* Ot 1 . i^UjJI *Up> y» dU-Jl oL ilJUJl ii\ >JI 
^--kJl JUJI ^^.-iJl <J£>- <1*>J> ^jJl) p_fiJl JOu i-^-iJl 
iijUJl Sj_ilJ J>-J-JI ^jL^Jl Of j^pje c$JlII (Popeye i^l^-ji jSjJl 
Vr*^' *-»LiJl dJLIi _ Bertie Wooster i <Jj->i> OLS . ijj-jilt 
£|L _ P.G.Wodehouse i^jUojj . ^. v_ji -ip^-I ^Ul t Uy iJlj^l JULJl 
4_ S * J _^I LJS" tjji^t J-S'L OL Jeeves i^L>-i ^JUI ^Js- 

o^ip oULL-y oLitfl ^ t Ul jLjil t^yJUt oUrfl JUu, 
^^aJlj *--J>Jl ^ Oss^W »>• 'L-*— ^L*^ Of jllj -(i>-f 
<L»aJL>JLl ^pJj tLf~A» SLoJJ Ljjj^* 0L£ jj_jL-j_aJI of ^iljJlj .|^»JLJlj 

.L*Jb-j U£*)l 

.l» iiJij I4J I. V J* tisj>-^« 0j& Of 
4 /- s ^*yi pJLJl OL* L.jlp 1904 JLu- .U^l IJL* J ^\ Jjf .U- 
S^-*iJl ^-jJU (1940 _ 1865) Arthur Harden i0j»jLj» jJ^! ^j_J^:^I 
. Jj>«^ ^1 j-CJI Uj-j*^ ijf^J iJU-^Jl J^Ldl JL.a>J JjU-j tyeast 

^ («» yeast lij-^iJl ^1 a*) r - ^ 1 oUj^VI 



cbUiJl □ 86 

jf Jj»JJ . 0 j J J - « jJu^Jl CjIL^>«JI JJj»J £n.<"l ^aL^A *Ltp i_aJ^» 
-l>-j tO^Li^fl U-*J>- 5j_Jt*oJl Ol2oj>i! ?uj ^yU *lpj ^ ( j-~£Jl ( ybf 

ol_*jj;Vl of IJl» jj .j5LJl jj *LuJl J^li SiUJl 01 

. dU Jl5 ^jJLJl jliu V *Li*3l *Ul 0 V 4 Q-JLif e jJw» oISj_>>- cJlS 

a.»« :S lj . 0jL*JL» (Jl^L— ^ |»jjjt jt coenzyme ) j-i*~*> t iSj- 9 r J-^s 

.jji--yiJl ^ <i>>«J jJu^Jl dt «0ijL*| 

^1 iJSij^JI ol^-Jull j-iL-» J£d> jj^L-jiJI Of jjju li* 

• *tr- <J* 0^* pA* • a 4 JbJUjI J^jw 

l_jJ»Lij ^jSvJj c j-*^ Jjf <Pj_~o ^£wJl o _^*>«Jl ol .<fil->i7,,,« ol 
^5Jj . Lj>»j jJJ JJl>Cj ^jjjVl of j> ^yuJaJl ^l^lw/^lj . Cij-Jl £• J*Laii 
j-s> oLL-j^ijl (j^inj «-»Ls*f ISLJ .dUi ^-P 0j& JLi ^Vl of i0j>jL-»I 

tjjj^j^AJl ^ JLi oLL-^iJl ^ t j~s-j*>+A Of t-iisJLi tiO-sjUi 

* f . * 

LlL>-l ^jpJ-j _ ioLL<j-A>«jj _ 6 c 1 _ jjsSj j*) - ruUJl *(_$^>Jl j . Jgy^j ^SL- 

o-LpL-Jj «0ijL*i J UjjJxJ c Harden - Young ester - OajU j~-<ii 

.W.J.Young i^>d.^o» 

.(Jj->£}\) *Lji^l (JiJ\) J!^VI ilai L. uyjc~>V\ JL- ^ 
>■ U&kj 't5>>-f Oljii^ Lfx^i i^JjVl Sjja>Jl (Jji**! JLkJ t^^f S^*> 

j_ > i-.j_i3l ^J* ^1 a-o^jUi-NI JaJL-jJl «Jl* 0j5i bU 

jJjJl j/jj-Vl - ^LJVI io-s^ 1 (iJL^ tul^ ^Ji»l JiJ ?i»44 

JLii . 1941 dUi, (1986 - 1899) Fritz Albert Lipmann ( 0UJ OjJf 



87 □ fh.ll; UJb 

. l^w* £5jl«Jl t—'jli; A*UaJ1 ^ IjlJLiLt (OLLojiJl 

^ ^l*-*- iiUkj . «Uj j...t l, ^a .". «l ^.m>->JI ^-Ja,'».>i jiSl iiLlaJl ^ gX^i 
L» ik>J ^ jJyj t iLJLJl j~j* £A .A*UaJl |JaA4 ^l-^ 

oLL»jJ aJojIj tiiliaJl (-jL>tjJl oLL-jAJl ikilj Jj_p«xl iilUl ^yi^j 

^jJUJl CjLjL-jjsJI J»-»Ijj jj-^JJ J^^j ttJLlP ^ji^lj >*U ^j"—^ 

(JljjL C..I, >-.!. -I Ji tj^jJ 5-lJl iii i-jJiJl JljjVl jJ US' ^-<aj tiillaJl 

4 ATP ioLL-^LjJ; jjij^Jifi : ^^-i '■iSj p r ,J\ - p- ~>N 

JbJUaJl SiL. J_)*j (95 _ 1844) Johann Frederich Mischer < 

Erast Felix Im- « _ t-^j-* J-JjJL^p (j-^-li o-Jjfi ^LJNl <^-j>«Jt 
^ . oLIjS'NI i*J dJLL. 015" ^iJl (95 _ 1825) manuel Hoppe - Seyler 
SiUJl L*Jb-j cL.Ip24 JJ c.a„;>kl jJl ^...JJI cJl^ tCijJl dUi 

^ji J-<*y ^os 1 ** - jjj-^ . (! Jjj— *ji jjuii j_* ii*j) (-jL-i^riii 



J!>UJI «L_J □ 88 



l^-JSj-Jj C~PJ Ms toiUl a-X^j iup jJLJ OilS" iJjJl objj 0? L->j 

^^i^sJli o^stff J^-; <>»-«Jl tJJUi JUj .nuclein 

.nucleic acid «^j^Jl 

* * 

^jJl ^^i^Jll ^ .>^JI £j^Jl i_M»L>yj ti_j^>Jl tLj^Jl tUJLp Ja-j ^ 

jVl j— x~ ^jJl t deoxyribonucleic acid DNA «<j~>«-. ^Vl ^y^* tiJj-^' 

Of L*5 t^jJjj—Jl |*L_J Jala . ^y—l Lfij £«j sLjaJI ^-Xaa 

t<JUJl tLo-jS' la. .A" ^1 (oL«jjjVl L$i* i^>L>yj) oL-JjjJl 

SXp-jJI jf jl—i, l ' ..>. J l Sj_>wj L» jj-jj '<_5*5iJ <JjUJl 

.i . . jJ*; 

^ jiLJJl (^jjJlJI f.j_iJl tCoeurl jJjj_S» j_S"if jf ^ jju^ Vj» 
<-rs** ^ _^JuJli :«c-py otf . .t» 

eJU JJ cl939 O iJlA j±j Ml . ioUai ~<Sj*^j ^_$Jj*oj jji t j..iLt&...«Jl 



( - "\ 
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V — 

.*} Lui~, o^f jtj t L. Vl> j^f jf UUf 

tUljju-l - ^JL- ^ L*^. jbJI oL5 . ^^JUJI JUJI cutis' ^ 
^ vULJl 0\Sj .i)L* JLuuJl ^^JUl JL^JI J^'^UJI 
4l*L* ct* t Uf L.f .^JjJl dL!i J| AijJ* ^ _ SJdLjj.j _ X^\Sjf 

4> Oi> T 5A*l~~ i4-ttSyfj ^JU-J 4u4>sJ uai JUfll 
J-t. <pj S^jJl ^ j^-T, ti^-o aiif SiL*Jl ^ otf 
JI>JI ^Jjlf 1* cU-ytU J_j _lkU >bf jf cJjU-" tS^Jl .JU c^f 



tJ_«JiJ L* J-o-JLI t-ij-^. *j_>^Jl ol» :lJ-$S e^^io o->-Li 

La jjijJaJ J o^>-tj tUU- L>jJ jjb IJua*j Juit AjjjX5sJ| oL-.nl>- 

•jA iff^j (jf J_«J . I Jot Lgj Lai jl (J^-i i*J (_yJl oLJujJI ^ bJLPj t JLj«j 

L. JS" ^ j-Ji^ IjlLu j_iS"V\ flkJl o jSL_i _ L£*J lil _ dUi JS" alapj 
jL>jNI jLi>-I lij LJIj_»« ojL«2>-N i~s>j-ti\ Jtj .<-> LL* ol LJ 
ol ^UkJl ^jLp Oj-^s— iUx^ . !>ULi Ujjj Uj>*A jjJLj of ^L»j-JI 
5jLsa>Jli N[j c ^j-JLi* iJLoj AiJ_)j c^jjJw <j*>UaJl; <.lj^» JjVj 

. JJ»JJ 

JLoJMJ y-UU^Nl jLiVlj t LU ^JLi juu^LJl L>aJ ol 

. ( Jj, : .>..'..jlj la..^afl ^ aajj ^jJtjLJj L »»- > - viUj (3 tlJL>- 4jj>mJIj 

OjJLSj Jaj liiUi 0j£> t-jj-rf >— oL «j»if» Oj.VSlnj J* ti^-l j-Aji 

.iflfci (JUJU S^U-JI 
cil ^Nl J- J L, t oLJiLJl ^ JpUll v_^f V ^f £y 

. ilbJdl dlL" ^ cuS 
^yj>y jj_> Jij .Lji-L-I jf ili— Vl Lj-i ^yf «N» oL?-f viUL* jj^Jj 

Uj .US ^yUli j^f ^ JUJl II* 

. ^yJLJl JLiJl ^1 oUj-,<9^Jl (j^t. J y- uiJLiJl 

5L»-ji— • i« tjj>i olji*» «u7-tuil tl985 j_jL/ jLf jJLp 
OjJLio jf ^Ui ^1 jU-^t J^i. iL>JL*Lt jJl aJU,;,,JI ^iVl y 
LlJi of i.dJ'i by**** .J^l^l jJ_Jl ^ <.ik^j TiLt ISjJL, 
j_*iJl) (ij-iJl ,^->Jl L.J3-IL. }y (jJ-Jl) J*^-JI ^1 

J»i oL? r !AiVl dUb" J ca^Jj c^WL ^Ji JS" J UjAj Ija J^. 
IcjyJll ^if C— Jl oLiLUJl ji ^JU-Jl *JU->- fjL-Jl ( _ r ij ^^Ip . .^y. 



93 □ 4j ^j»J| 



.jJ-Jl Jl_*iSl £_« (A-ijj-J tL*j_*p <— a,'-<J I JL«^-fj jL»«iVl ^LoIjj-j JlJuJI 
. iJlijTj^iJl LL>t4j Lj^p LlJi i«j of Ux>f IJLA Oj-»-vA»j 

j-^-i; ^f t Li>- t iJLjb oj-£j of JUi?-! ^^-L^sl ^ IJLS^aj 
-L^-jfj jijtf ^ j*ijxi jJi i^^-sJi iJjLJi <y ijjjJi oVjiJJ jla* 

cr*-~" jj-* t5j— ' (_r^ '^l^ J - J H • ^-i^r-f" oLi^LiwJl ^ L-Lj>- 

^-•jJl) cbL^Jl of ^ ^ (jjJl) J—i£Jl y^Jl Js-Uij jJbJI IJla Oj^. 
<J ^'b N t JL^I f>J . J^o jf f>J . JJ jf c(^JLJjl fiJ JI jf JjVl 
i_ik>u iaJUiS'I aJLJ t.jj> of ^^Ip L-V^- j+a* JL?-f V of -li^f . tJl 
i^jt C~J Ji Jj^i '^J* J\ <■<£ JM- 11 c5» 

£b> t£r~JI ^ t)f IJla JiJ ljLJ 

i JLUI J*liJl ^^JL, U IJlaj ttSj >.Vl JUUl ^ Sjbu-I O^S jJUI 

:Lu . .UJJl r 'l^>Jl JUL, 

j-^f o-J >>j c^jJ-Jl ^r-Vl Jlj_k Xpr jjJ IS o£. jjjl ol-l 
oi_» ISLUi .^Jl JL*^I jt jjw- jJl UJUI ^ j-J^j SjL^-l 

?oii ol JJb J^isat jjJl UJ Jy- 
J j*- uJLt_* JJUI Ji JUUj t iJU *UJI o^" U LJIp_2 
jJUI J[ jJl ij^Jl v^lJL^Vl £JiJ J_4» 0 J_JI JL^I UJ 

.11*. ^ ^wf (J ?Uij- dj> JUJI ^ t J^JI 

jf 'J^r^^ Ij^Jl j^bl o-jif (J ^ ^O^f ^liL Ji j&j 
j^Jl ^ «*>Lo» ^ijj tiLiJl iijJLJlj A-kJ^I t^ji— • of 

Ufj . i»5Lp o Ujup o. t ii^ — !l o Ujup Tjj ^ ^f a;) ^ t ^JLJJl 

ij-oiJl SjU)fl of OjJl-iju ^ JJI j\Je>\ J_p- i^jjl Ol - 3 



jp tpUJl J-sr^Jl o/u ISUi .j^AiU»jt jf j^IOaLL.j j4- i 

. aSj_*a» Zj:*a.~to\\ viLJS ^ L~>- JUuf j^ill jjfc jt JLp-T ^-C-Jj Jj 
i i_jPLJa_v*Nl SjUNl y> 4_iL* M ( ^Lp j_»iJl ^JLj <-iijip JLii 

.jJlJl JL»^S1 ^sfliVl aJL>- ^Jujj t Ji»-lj3 Ji ^P (_$t (3 

j^Lj^j c^jVl JLp LUi T^b^iJJ jt ^1 j£Jj .s^ ili-Vlj 

AlL»j uisfl^.* ^ jj& L«JLp JUJIj t*^* JLiPj j+2&\ ^_jJLU Xp 

TjUu jLS jt t*L-Jl ^ LJU JjlaJl ia>%> jL£ f\y* t«lPjAl>j *j j^P 

(i^-Vl i_f>Jl JjLaJI Jjiall ia>- t^jVl C-»J Jl_«J| ur oif 

juJI tS^y. • J r^ p "^l oJLa ioiU- Ji>- L« t^oJLilj j*JtD t5 ~-Jl ^*^«JI 
j_*ilJ ijj—Jl ^JIj^Jl ^^U dUiS' vJij^ ^JuJl j-jtJl jl S][ t j*i3l jlj^t 
OjSi (JUJl>Jl J^l j£> Jj (J^J! J-^l Jji» ^ 
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i^Li Ujj_j ^f t^JuUi. (J -^-iJlj ^_jJL>- tvlJWl _>f JjVl ^jJl 
jj^Jlj *-*\Jhj\ j_JI Oj-^i tiili -u^p .^^l £-<• U*-u»-f 

i la jL~>Jlj ^Liijl Sjji UjblJL?-! iJlJJ OUjjJ cLULa tc5>>-f iUSy 

j-JtJl a^Uj t JuJl ^ ^£iJl jjPliVl jjJl* y <^f : ji| Jlj-Jl j 

_>f J_Jl ^LaJjl * — & ^ J~>o oL j^-J-i Of JL-»t J-$» . Aj j_*JLJ 

JjU aJUl^I ^..la:,,,.; N cLJLp ^L" jlJI oUli> dj& jj t^UL 
^Li>Jj Uijjj jt ^ Ul*>ci t Lua ^ t/j-H^ 1 ojljJI Jlp jJ); ^ 
t £L~JI 4..,.. < fl«.ll ol jL^^J jf io^Up^UI o^UJ jf (^15^1 ^f) 

.J*Z}\ ^yOAJ J"^ 

du»cJl J-^J ai ?dUi Jaa. jf ^jlJI £tt£U ^SU* ua£ j&j 

ami fUJi j^s c jL.j j- aiJ _ ui^i :<u& iju ^ ii^fi 

c-.>> » J cJLS' dLJi <..>.,..a,vJl (3y i_*JiVl |J 

.«! .f . 3 25 000 j>. dUSj (v-^JSJl Jj^l) < ( _ r *-iJl 
25 000 J^S t Jli Cro - Magnon ^iLyJU-j/i ULJl of 

?5 jj-^aJl iolxii-l iJU- Oj^i jf i*l j>i IJL» J^i 
,_yj-JL» _ J^jJl of jj-^asii t S j -> *iJ l oj-^aJ of J-r*J 

oV tiLjiJl j^f of <-->wi : <J»I — » Jiy Jji of AjiUj ol5" t * i; 

oi» cl^iL^I ^j^i N *y ^f ^. Ujb-f J-U; lj| _^>-f 



L« J^ili jjj> bj-O Oj£> jJj tp^jJl ^^Lp <^f l$Jl 4_—Jj of 
:*>\i.) i^^Jl *ljVl zyrj JUa»-l ,y jtff i^»UJl »l jVl i^-j Jlc»-I 

4&jii*Jl 4_>_^-Vl J-t ijJL?*^ jJ> JJl_Pj i— »1 2 + 2 iJLwJ 

OjS~* tlfJLj**i *L-if ^ <Jj_i; L. J_S o^i (*1»L£JI al-u-VL JuiJl £• j*- 

. dJLi OjJb IW*U» 

. |JLmJI i~*J t-soJb Lo L> Oj>y V U 

./Ji <jf tyVrr^J . ^JLJI *Ul If*!*** ^ ij«iJl i>woVl_j . i>JUl 

UJ^i t J*^UJI jjJl ^p ^Jb^J L.x*i t ky>«.Jl ,y jJ^j U5 juJI Li 

L. of VI t (JUJbsJl J}l|Jl jjJ» UU JUJI jjX j 

. ^ ^>-f ikb ^ Ji^Jj t oVl IJla Jjjii 
^vijVl iikJlj _pJl ^ ^fc .I4U& ^jVl JjUsj (JUJI jaSfc ol 
^ ji_JI Of >* <L>±->* ^iJl .olk^Jl ,_,» t iJUaJl VrjLiJl 

V JUL, . i^^Jl SJUkULJl J ^jkUi J-SLL ck^*>U jSUj oU»->^J( 
. ij-iJl owJVU iJLJl i*-J»Jl »^ ^jL of LuSUji 
J_*LJ Jl* jjj* jlJI oLS- lil > rje V IJL»i : JjJiJl JsUe'lJU 

. iy*>f ji^f t ^ j>-\ iki ^1 oil Jisdi 
.jf^Tj oLXt j-j oiL>Jl olj_JcJl t^Ji-Jl j«&Jl of 

. OjJJl ^>JI ^ 12 756 <jL-^, ^p Ji^t S^Vl 

J-l^Jl L^l&l 4--— i La IJL»j 4<rfil>Jl ^ cijUJl «tt>j <^>J ^jVl 3JUi> 
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J? lijLiJl djS~~i t^jVl |»^>- yw»f J-«L»Cu US' jjj 

. (*^>Jl ^ (ijUJl ij^JJ n_i*v»f jjSo <_£JlJl 

4 ftU-Jl ^ LtJLp Cxi c-ii (jJLS ^1 <»>JL 

j 5 ^ tT'J^ 1 df i jS* 1,8 Jt^>*j <-tj j^iil <jP JOyt ol«Ji 0j£ lJj-J 
^J^jJ L. of Osri p-f^ 1 l^vj l^i* -o* 7 Jlp" oLJ^I 
^ 1/50 000 000 000 000 cJ^ yJl )t ..„>>.ll J^. ^Ul ^OJl ^fc 

tjjLi ^_ju,aJl ^i-^Vl ^J-Jl jJLJl IJl» d->Ju>J jt JiJ J_ji 

• ?i# O 5 ^ 1 V- c> -^W* 
: <Ml» j*^* jt- do*J US' l->L> 



^ J*-JLi ofj jo V ^.pltjlj jlJI jU*JU .1^ Lji jf »,_j»iyJl 
^jiJl ^OU!l OjSj Ji jLJI uljf oLi .iu-*»Jl 

Iji! ll>j .^«j(Jt jlj-Ut JU U»p >JL. jJ olijiij! .!» Ji* iSjJL— ol» ^lUlU) 
t«k..- > Jt ijk*JI Ujl«~-I lil .iljLJlj JlJIj j-Oll ^ iUJl U ^pI L. lij 

j^Jl jl» JL* JL.; ^1 iJU-Vlj OlJLjjJt .jjJi of jjSUj <U i^t 

400 J— J j!Lu gurjVl ( _ f U c-iL? oL,„ao LuSCJj (,i_>a_Jl oLijJLi^Jl 

JuJl oLJy» jt ,»*>JI LSU, J_|i .fc- jjJU 400 J_j jL5 li* jSci, .Jj-f 

U^-*P j» J-*-Vl ^JoJl ^ 4,.h c- ol ^Jii »JL» U cJlj L*i . . . Jifc 

• -J^ 0"j lt*" J*^-- j-** a* ^ L. * Jei ,>* Til ^ 



J^UiJl «L_J □ 98 



SUJI »^Jl wJL cJlS" ^1 ^jUl ,y i^o iJjL- ijJf Lli 
. ( j^iJl jjJuj ij^ai <uU jLu Ji LJ"5\ip JiVl ^Ji IJl»j . O^Jlj 

8j_jJl>- A.j.sAsai i-taf *jjS jJUj N UjJJ l* J£i tdlJi U . iijJLJl 
SjiL^ <L— LuJU L^mj^-j) JJL-^Jl till; of ji^Vlj 

jL t ^.ja.sAtl JJLdlAJ ^jf |JI) JL^J (L4»hi ^1 <»»JLl 4£-Jj* CJtS t (olJL— 

.^yiJl ja 7.51 t c : ..Ji 4*JL*j 

Of L«U»1 J jJ AJV t U»L^ ?ci~JaJl /if jj coil ISLJi 

^ 4_ir>.t>« menstruation {J a^i\ <*JS of J»j >iU jilkJlj . ^_*JaJl 
jli*; ^ i^J L. j£Jj_ .i^fiJli jJl mensis i^^^i ij-TjUl 
*JI J-J^J Columbus i^^jJyfi oV ii>^Jli (^-1 JIljVl IS^f ol^-< ^ 
oLVjJI of J~ V .i* j^Jlp jikJ Uj-J .X4JI Jl J-^j 

iOUIjjsJI jJL. jjj ^ «jf jlr^Vl* Jb>-U Of j>* JO ^ 4JUJI IJl* ^ 
^ (j^a-^Jl «j3 OjLiJj . Primates ^JjJl oUI j-~>Jl Uj^j 
J_-i»Vl ,y ^yk oLJl^Jl of <i~*H ^L^-Vl >-il>*« 

j_*iJl jL^pI Uijf li^J . j-fJJl i-jjJ i-sa~>- Sjji olS aJLJj ^L^-f j-i 
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Tjj_s<a>«^ j^JjJI OjSj liLJ ^j—ij of U-1p ol£ t SjjjJl oJla je- • 
T-U.j,~>4 t i_.ytJl obil^Jl j-kiJl jJb JUs>mj liUj tiijJI j^t 4>-jjJl oJu» ^1 

ii>Jli bol >f 

jjJJl «jJb- jJL>J tt^JU Capistrano « yi^; jjI^k Jl) t-ilk*Jl ^JlW 

J i ^t r " y^si ofj Jj V.^ iJL-j t|f j-jP jf iJUJl oUli^ll 

\>jj-^\j S-JI ^-»L-JI ^ */4 JJL* JJf Xp J^kJl <~ tjL-j VI 

i-JUi* viAJL* o^; oi >t >JI ^j^-^w ojk. jtf ,>juJU .^ylji. 
£wf (J ^LJ t li> il*JL>- ^Jj . vl.,« lxi l *JU j;ji»J Js^J i2Jj 

Ail J; t j^JiJl jljtf ja jje Uji v^Jb« otf ,>«ljiJl (jAj'Jl df Jai 

. »^ti J}U ( Jisj Ji W jJU 

i_»%Jl s^moaJI ^ aJ SjjjJl J~*»U; of Jl* a* t JUJl «JLa 

.00>-J SjjjJl Jj l £A 

JJ fjb L« li[ LJb jjycu-i *U«JI of Tjl»- t-i^pfj til^U* iJi*-^ 

. jf) c^jVL; O^jci- toJLP^. ^ jf j^l jf 

• S# jf U5-Ji jf ^Ji U (^»J > JI 

o>^ ^ tLi^Ll»l | i br .« (j^-sJI Sjja Jjt of JLii^f 4jLai>-L»j 
ti^f* c — J (^Ui_iVl ^jlc) oijJLiJI ofi : Jji J Ji 



cbUaJi □ 100 



.ii.Ul J> JUL, 

: liUJ QjJiL-j . jr *iil Sjji J^t ij-J li* .(_i-.T 

jf 27. 3216614 J (p>Jl J[ l^Jl) ^jVl >Ul jjX 
^jij^t-j : J^ii Of . i— Jlj 11. 5 j iiJi 43 j oUL 7 j Ujj 27 

L* IJL»j . ^>wJl j*ijJl ,jP Tj-^ Ji»cJ of 0>s (27 1/3) p_Jl L.J-J 

. jf 

. jl ji^Vi Ijji Jijff {j* j4«iJl a-W cJl£ ^ujJLaJI ^jjtJSJl jL LJlp t ^^aJI 

J_5 t *L«-Jl J L^-^*^" Jl (jriJ^* u~»-~-^J tij^i ^-s* - 

^..^..tillj Oj£j £-~>- j-*-»J j-V tj flail >Up J las*- Uj'.< 

JjJoJl Ja>- ^^JtJl t»L»*Jl J 5j_JiL» t jJbLa .T. « ^ji^aj J 

4 ^.x-tJl jlla of j j of LJlP t o oJl* JL>J t^i? 

L- ; o^J • ( J** Jl J*-* a* ^Jl of Jl »U-JI J jj^ 

^ ^-JLil Jl iU- Ji dj& ^»f ilijj 27 1/3 J ^jVl Jp- jjJb ^1 Of 
. J ott c-J ^j-^JJt 0 V . IS ?L*ji 27 1/3 JUi JbJbr 
J_«*- l_ Ula, . L*j_i 365. 2422 J}L>- ^...JJI J^- ^jVl jjJU 

JLi ^p^-iJl o^I tL.jj 27 1/3 Jbu ^1 i,— JL) iiai 

(3L>JLJ ,j)\J>\ cJj Jl j^iJl ( _jLp <wj*-jij tijiiJl «Jl* J^>- J j-iJl ^1 

J^U SjJjUl io^tyjt Oj-^i dDJUj ((2 1/2) pJl t-AsAi J (1)L-«jj j> 

jUpI j . iJU 2. 8 j iiJb 44 j i^L- 12 j Uji 29 jf 4 Uji 29. 5305882 
|tijJl \ j^S JUcJ Of Oji (29 1/2) pJl >-a,s<ijj Ltjji jjij_JLpj i«— j IJL» 
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i_*KJl ti^^j-', II j f.t.lli (L.j_j 291/2) Sj-iiJl oi__» ^^-Jj 

.JUJSJI v~>-j ^-LJI cijJI ^ ^JJI fjLj tii^SOJ 

c** j-*^ 1 J^f s JJ-» of (j-s- <y tL-jj 28 j_a ti-JJl Sjji JJp ^Jj 

. ^L-i. <Ji U4JI f^jlfcJl IJl* ^yi^. . Uji 29 1/2 
( _^a*jJUJl Ol^ij j^iJl jlj-WV jlS jii j£> t-jjliJl IJL* oi . ^ 

N U-f^Jj . jU^iJl ^IjJj jf (ijJ^aJl OL^J n-.okl Sjji £_« ii^LiJl 

. <jL«lj£ 

fjL> t*QaJoNl ,_j «uLp "<-J^- Sjji oli tOl.JL.,.Jl i^J*-| jt ^ yiij 
dUJij iJUJL>- jJLJl JUl^l p_j ^LJI klvJaJl fjL. jf t 

. iAjj N I* ^Jj IJ^aj t j>-\ jJb JLiSI j aAj ^JJI d~Ja)l 
t ,_i TJU>- fkr.jl t'.ota II ob SJL-JLi . J**>ij "V IJL* jf 

»_.«WII fjU U5 tjJ-Jl jLlSl ^» pJl i_is<ajj JJ ^JUl lft»l* fjLj iJ)jm> 
JU^I ja pJl i-i^j fLt i*uj JJ slJlsJI il.JJlj t ^Ut i&S JJ -UL. ^JJI 

.jjJl 

.jjuil jLiSl pj k...jtlU 
ol 4 ^ JJLSj ) Ltji 1 652 J ycuJ i i^J^^- Sjji 59 0[ 

Ujkj . >^JLJJi5 t-*£> 1 652 L^wi^jImi T j j.t 56 (3 jic*~jj . (<i«Jl ■ ^■.^■j 
*jf ^^jw IJL*j Jl-*^! ^» *-">k It ^J-^i '(j^JJ*^' tj* {ji*"^ 
*Jb ^ jylj-J d$ wj-Uui tj-i-Jl JUiS"! pi jlkj ^JJI C,«Jall ^. JlJUil 

. i-Jl *_AvaJj oIj!m> £jjf *Uaiil JJ tj-LJl JUl^lj »*.«lall 

. Jl>- ijb d-JaJl j-jj j*jiJl (j-i 
^ JbJl IJla ^1 o^i d>«Jill ojji iJUJlj ^j-it *-i 5 S' 

. ?dUi J ,J lij 4 ^-ojiJl ^fiJl J> 

Jilj_i N JLij ni!5Ll»)[l j-JL* j-jp idULjki .^o- 



/ 
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*L«JI ^1 t t _ 5 ~~> S^laJl oJlA CJl£ lij U tO^/l JtL-jfj 

. . C....J 



f — 

8 



v > 

i— z ~> {J* < L JL» — c*»S <^~>- c oL'.,.,..>».>Jl Tij p 

dtf .Lucky Starr ijL- ^'tfi <u— J ^ jli-^J ol^UJl 

t ( *>oL&£JI ij^JI i^alr 5 ^ i^^-^l fUkJl LSj-J JjUi ^ 
(Tjut (J ^jJt) £_>UI «_Aj£)I U .J^-jj ^/..t.Jl tijlki tSykjjl 
v^-Sj-SJl JjLs, L.j_j o£i jiL>-\ X> .Pluto «j^JLi v^J-^ 5 ^ <^ l - si 

.Uranus ij-^ij^i 

^ jL-— JL«jf jjjL L*f * ii*>Uj«Jl v-^l Jm\ i 0 y^j <: 0UL1JI 



.asteroid ^ «■»»") n-ivySi Ujyu (•) 
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of C-ij-f- liiSlkJl ("Lit ^yii . .is-jU- ii.^ IJU C-inJ JUti 

L*S t^j-fr)!! *L-JI <J1 olS (Ouranos £_^>Vl JUj) Uranus ^^JIjjj 
«ji - v - - je» Urania »LJl j^i eJlS dJUUJ! ^s- <£\ oj t tcJ^p 
( _^— i ,. ; . « . Jal l ^LJl Jb-f of tciJUi ^} tci j*j . Yoo - RAY - nee - uh 
ii]\X»j-j bjXj>- i_i£i£Jl < r Sj^\ Vr-J Uranium ip-jil jjji 4-iLi^SI <_£jd 
.Yoo - RAY - nee - um i^. _ JiiJb d\S *1\ j t^jJl jjj 

l^-j— i - ^Ij-j—ii Jaitf *--Sj_£JI jv—wl of coil \-^J>\j ^ la_j 
viJUi Tjl^U. cj5 .J_£jJI ti* J^- -OLilf cu>-Li Yoo - RAY - nus 

t^f) L-L>- oLS 1 I JL* JLp AikiJf cj£ ^JJI v 5 ^ 1 p— 1 ^ 
. .Kii1-.f1 jf idU-^Jii Ubcy Your anus i^^f-jjji iL>JJ (JkiUl ^-ij 
C-PjLj . JjVl ^JaJuJl TaJLi* tj^-Vl j»>JU>-f <j JaiJ cJj 
lu&*-l tJlJL>- ^lij . .J_^>J V ^yJl iJUiJl Jr*i_^ t 1 ^1 

l-Lf; |J ^aTuJLi ^tSj !Oj_~>- ( JbJLjJl tjL-bOj . ^j>»*Jl ^1 v 

JjJJJ i-iLuJl ,Ji-i\ <J«sti» ,^1 ^1 t/-**— ^y^- t jL^aiVl J* JL>Jl 

C^r-jJ - (Jj-j->j JaiiJ ^1 ^-jJljj-i i_«JS ol tjL>Jl ^Jlj of J-o 
*<j"jtJj- > J l—bf- L*jup Oj^j SI t j-S^i J-«a*f ,^«-J - rih - nus 
ilJjJI ^Jljj ^La+j Jjm \a J^i ^ju ji\ ( JjJ t|f) 
&DI ,y JIUI 4,/ t^jSJl ^ jJLjlII ^^JiiUl ^ If of 

«0-J— (#J-J'» Jtffc (/'b-j'PjlH r - )' ^-a* 1 — W i^l J~j of 
i^jj _ Olj - jit iSajJL*-. j-p 1I1 **KJI of UIj tOO - rih - nus 
I ,h>t ^ uoVjJuMi ^1 jji'iH ^.Juk ol L^j .YOO - RAN - US 



105 □ »jS-> ^SjS 

•cr-^bji Jl V*^. ( *d J ^ t CdJ^ 1 Cr* >* 41986 jri^./^Wl dj\S 

(Voyager) (d-^Lyi t probe jLJUai ^jljL^. jli»f t 1977 iu- 
t^^L^Jl (j-S^I ^j-* i-ljjJ tj^-jj oUjI ^ ^-^Lyij 

tdiJi Jbu . flkJL 0%.* UlSj t 1980 J>-jj 1979 ^^iJLJl IjjUci 

cTl^'jJ-i ""rO^ -^-Oj-^i ii#jUl oljlaiJl *LJL» ^P 

t <J*Ai»| ^jJ <uU jLS" i-l j-U fj-4>J J_*aif _^Vl j^-T 

.1977 

•Jaii .^j, ,yj ^jlAJl ^Ju^f c^Uh 

>J (3/7) ^L-f ^ ±y> N t (!>L. 32 000) ^ 51 000 ^JUl 

^^JiSj^csJl^^gj .^1X1/3)^^ 

. Uijf ft-jjU L»*>Upi jZjujtf iJ^^iJ '(6- 5) ui«*aJi i-AsAij *«iU«>f 

tj_>-j <LS 2/13 JjU; (j-j-ll jji *kS jf tc $ j>-\ <4\ ^ 
LLwJ ^ i*jL ^jVl ikS" ja L#Jt VI SUS" ^ 1/22 j 

.(14. 5) > j»./iH t .isaij 

. ejLii> J_«t ^ c^jaaJI JvJl ^ ojU <>ljj^ Of t*U-Jl 
i^j^jJI JoiJl c^Ur-jj 3 J-^s ^jJ^lJIj Sy^jJl ^ JS jj>**» 
ckj jj^J 24 ^^Jl 23. 5 iojlji ^jVl Jt+jj 



.i~J* iJLai kSj* L» :> J ,rfi«.llj. jg JU ;lif (♦) 



J^UJI *L~J □ 106 

.^r-ji 28 o>s -of V\ tJL5t 

tl*-*^ «w^l_^3l dj£> of ^j^JU t-Ltji oljljij oljlji ^ i*JU- 

^l_»-Vl oJl* o*U- jJj .Lflji fl—frf ^ cJjSJ *- r -S'lj5^l jf V| 

of £_>-j-Jl .oij^p jjU^JI c~SJ toUL^JMli_Ajb> fc o y> (^jLJL 

jIjJujj i juj>«^aJI I }LJi jjl_>«-Jl oij^JLi t&lxuj <>jl>^* 

. UtiJl i^ljJl ^ *>US j^t ^f _ ifjj 98 J J~Jl 

^f J, c<>aJl JijLJl 

* i > /H 0^» tw> » Jj . 84 jj-^JJl J_p- t/'jj'jji JJ**i 

NjjJ ^ c<*>Zenith ^fjjl c-*- j>^> ^J^b" ^..'Jl ^ JL-iJl 

Jj_* Jj-^i>- ^^jJ^fJl 4jLa ^ t^Jjjj i_4sal cfoL>- tjiVl ^ 

jf) ^L^lJl ,j->Jljj-i <y JL^-f olS" jii . <_i*aJl J}U- 

^1 ij-»u p5 (!) LtU 21 ^Ij-*- -A** M^j** ^-r^ ^ (J\ ^>»-"^ 

i jiVl ^ iLUJl ^dl jl T^f J^J L.U 21 J">U tJ lJb^Nl 

H5 ^f L.U 42 Syi Jlli ^^iiJj .L.U 42 Jl_^i» *U-JI ^ ^^Sl. Jbu 

. Jj|U>- ^ <j j-^ of JJ> 



107 □ .jSi ^ uiiti ^SjS 



o* 6s V «>j^ iIm .UjI djZ of, JO V) tr *-SJI J ^jVl 

. (lftU»l ^p-LsJI ^ oU-jj 3 ja Jbut ^1 ^ 

- LjC ~iJ *u->bj-i a 4 ^-^i « 2 -^Wy» olS t 1985 ^Ul i_,Ljj 

f\S jLL. 2 3/4 ^Ijj-. bJbwII) . li* Jjft (J^ jLU 6 1/2 
(k*. ^ a.^ljJi of VI _ ^jfc^, Jai^ (J^ jUL. 1 2/3) 

t J^-jj ^jJLlJlj < _ r ~ «-lJl oiL>- £. LjUJ to*-lj L.ljjt J, J ..St,,,,. 

. (Ai^kl Xp JUjVl *S> £. dUiSj 

JJH • (^*- Ja-»*- ^ £r*»f t i*L~Jl ol* |2 - jSrlfJt ^ki df JUu 
LjJjJ ^ 1/13 j\ c >j Jup VjJ 1/4 ffJ JaUJ N t o'Ul ^ 
jj-vaJl Ojtf 01 ^ .^jVI JULp LjJjJ <y 1/368 j t ^:,r,Jl JU* 

^ V cjyi of ^ li*, .4JU 100 J\j>- ^Jkui ^yljji U liJti 

. J\ oUyjJlj ^iytJl O^U^I 01 ) c J^JI ^ Jsli JJuJ 

iojup L^jl^ cJ*Ui; 4cr ^-Ul ^ v^j-^ 1 J-^ 1 . ^jyji 

.Ua>Lu jJI ^L^l^lj pjjl jj^ iUJi 

J-** th3 j-w * V>»"^ tv-i* i^j^l ^ jXj 4 L» ^ 

. tjU ^xaj oj>«i t,j-yljji L»t ttpjJ o 
Ux*il UK t i->-jUJI j>JI UJ» ^ oljUJl iJk>*A JU*Ci t AiUi^L 
oljlp J| UU1 ammonia j^LiJL Ljj-J ^^Jui\ yrj . 0 ^li\ 
fj-s^ 1 ut*& lM tA) tSjLiJL <JU jUp ij-ji oli iSjjt-i 



cbUJl «L_J □ 108 

J-SLij t^Lii^Nl iJJL oLjlp i>-ji ji _ jlijjl jf ^^ju IJLaj 
<y LUm* Jjjd' IJUj . ^Ul ^5^1 IJIa v p^c-j ^jJl J^l ^^JLlI 
iiJaJl o>) O^ 1 *>>-j VW*^ 1 <jl~Jl o^UU; JtfJJj 

^iaiJi ju* Us-j^jl. jjdi of ,y ju yi lSIX yVi otf isl> .io^ 1 

^ ixjit SjUJ ^y J_if t^JljJl J>j jtUJJ 4J»J JJLL 

cAJ^XJl J~3-t_S' t^-jJljji^j-- ^JaJt -5j->-j-« oLLJl oi 

i£^>~i .Ta»- UU dtf of di)i c^-jSOiJl <pL^ ^ jUJI <y i^, 
j 8Wj a s »%75 J\y- g <y 725 ^ N <y o^Jl 

.(%lo^^* ^-U JO) 
Jit jf fj-M ^%25 > >jj ^^Jlj ^1 ^ J5 

J-^ J-Hr- C**^ ^ (^J 1 Os^^l 

J-^ ^ J»f Os^J*^ 1 6** ^ 'r'"^ (>• <-^w»f 



109 □ .J* cja i-iil ui/ 



. 0» ^f 

4 «js^jj -W*-! Jf~> tAjjl j>- i>-ji 0 J>\i>i>\ <w~-jj 1 J^j 0-* 

I aa «2 - j^-Uj-ig Jljf Ujlj* tdiliJl tUip (_$jJ ^1 ( _ 5 fi> *Uj 

. jf ^j^j Lilt -k-aJl <^t _%15 

i.<> r Sj£3\ ^>o- jJuytf LAS' 4JI t »*JUUJl frUic viUL* ol£ 

^jVlj iolpL. 10.23 J}U tJ _i3l <y ^UJI ij^-jj ioUL- 9.84 <y 

. cilliS' iJa--> OljJ- 5 4J (j £3 <jt t—**-* 
10.8 tjj-^ljjj OljjjJ SiU iJ^JuJl SJUJl cJlS" ioy SjX» ^y*- 
25 ^JlJ JLi 01 jji SJu juji>- ^-Li jLit t 1977 ^UJI <y j&j .oU-L. 

cJi gfc ^0* «2 - j>r\j\yt of .lfS>>- j '(j^J^ 1 i>* U J " JUkl - i * 

pjj tiiLi }L; ykj t i_pL. 17.24 J">L^ jj-»-d jj-> of ^ 

ia^j 30 JUJDI ^yJI ia>- jg, cU tik* dJUL* jS^j . JjU ^f ^yj Uvj 
iyJl olS" ^1 U oV t ^.f IJlaj . 160) J^. 100 



J:>CiJi n 110 



. vf^Jl oljjjJ ^UJI .UyjNl ^ Of C 1 -^ 1 °* «>' Ji 
L~ ^f iiUJl ^ ^ ( J^jj ^^IlJI jj. J*) ^jj, jf jx, j&j 
Jj^J ^tr tSjIj^JJ JU^b jJU*. ij^-j <y jo V dJUJJj . ^ olibi 

U_jJ ^ of Jjf c^-jJljji y> i2 - jjj-U jJ» ^1 j»l ^ 

<>• J^ 1 f b k> -^^J J*»>» <jyrj oljji ^ ^1 'J 2 *^ 1 

o'J-' Oj£> of Jo t ^.M.WhV.* Ja»- J>-jj ^ jiiJl 

iiJaJl oUjjJ^JVL Vj*-*** J2>JI JU*j of jljj t^-^JtJl 

470000 iiL~* Jl i2 - yrlj* j^j 1-JUpj -cr-^'jje >f u* W^l VjiVl 
vSj-SOJ ^^-kiJl J ^ (^Ijji ^ (J_, 290000) ^ 
t ly> 50.. ^jVl JJb- <£jfi i^yrj^> oij ol* AJl Ji>JU 
• Oj& of <ytJj U5 * 4 _ ? Ji 015" . iJJaJl *4>Jl ^ TjUy jcUjj 

.(U«J J^ju j^j; ^f oVl LjJ ^J) 

yS^ ul I— S" t oljjJJl Jl i^ji 60 tfM J>-JtJl jj^l 

LJ, . Ar- ^ (J?* 5000) ^ 8000 <iU* JOw "^^kiJl j^Jl 

udr^'j *>* ^L-J 1 c>J .Miranda ilJb^i (^jVl 

17400) jjtf 28000 juj dJU^ ^ i^J6 v ^jf ^ t 1986 JUJI # 

c/j o'j-'hj-t u* ^ «>* J-»f • (J^« 

o**^ 1 Os 11 * J^ 1 •o-^bje 51000) (J* 81500 



ill □ .jSj cy ^SjS 



<-»l j_>u1jj tjj-iJl oJ^Jl OtajJl** ^yljj t5-**-d ^ JLA** 

.AijJl ^jf^J TjbJUJ dUi jl£ .iJL>*Jl ejLw. lui (JL.f 10) 16 

1977 ij— » t^jjl jj-j J i-JLia oliJU- ^_~J oJUf j J-i) 
Tjj>- L«jji ojj^« (^jJ ^jjljji «u»lj3 *Ljf villi . ,_^_$l ^au» ^jA oU»lji 

. oU oUUJl 

iiJi oJL-.Ji>Jl iLiUJlj ti^UaJl i»— Ulj iuWl tSjJiU iiL>- 

• ->^' cT* U-'OJ j-ij^i *>^-5*V TjL>- 

|»Ua_Jl ^ jjwaJl ^L^>-Vli • (jA'LiJl j~J1j jj-J IJla Jj«Jj <wt« oU. ; ..,..>- 
£_* Uj j jj^J _j t *LJ1 Ju-L>- 5jU) ajJuI*- L$j ^ ^1 Jy»j i t/rjWI ^.-o-^Jl 

^1 Lo^-ij 4 m-jU^JI f I st-Vl oJLa JjlJ Uju>*. of ^jSUj jl ^f 

al j_Jl JLiij jf jja ^» j->«-Jl j-P JlJUJl JULoJ JJU . i»Jli <LS"ta LfU>- 
Ij ; i» ./all ^l_>. j> -Vl .,/i7 t ^'"J l Oljl—JL* j-^- 4,j*jJl • *4 j-'***^ 

j_S$1 ^li OjJ oli SiL. ^ Sj—ii *L-^Nl ^ J-~*jj ***d J -^ s r» 

jLLJl jl t^LiJI j^Vl L.f .jl1>JI jujJI >»J dji dy>£ 4Jd>Jl 

^ aJ ,j^j-»>j i ol.Ji.Jl ^JLo Sj-JLiil «JU Jju jj^j JLu>-I ol 

^yLaiJl jL>m.JI jjj* y 5JL»j_J» SJU J-i ^jJl-^JiUJl J-^iJl 
jl *loil tjJj-^t JLJiJ .Halley i^Lai *-JJuJl SliLx^j Giotto 

jlUJI ja Tilij jUa_. dJLJi ^ jl^) J Jj_Jl JJULj- t JUi c_JJLJl 
jJ^j ^^lpf Sjl ^ j&* * 4^>-IjJI ( _ y ».>*...~ll ^UaJl ,y Ua t j>«juJI 

L. jJit t j^JJI <*Jli ^-^Jlj^i oL<JL»- 4 ji[ 4jl£-i)fl 




. ^rjiJl ^.Jr ojj *t|>r Oi^ 5 'jAj^ polymerization ^LJI (•) 



cbUdl □ 112 

fl— s-Vl 01 j-*UiJl J* .juJI IJl* J\ *Ulo J^-j oLil> 0^5" Jj-» 
J (i^Jl Iapetus i^yMt •Ui-L) Js-j Jy** S^Jl 

a* a-j-^U* «-i!ts tJUJl L. Jl ^UJljUJl ^1^.1^4 

oLiU 01 US' .(*^j_U>Jl VJ li ^ijjliJL ( , fr-. 0 li ^L^-t 

• *J Jlf** ^ t^ljjij J*-j »>i ^J^ 1 • jM^t iJU- ^yS jy 

.iUl 0j£, ^iJl ja J>.j 01 t^ji^i" J*j 

i — cJlZ£\ Jii . sap jUif ^OLj ^ j| 

jf 1850) jjtf 3000 >_i J!>Up ^ j, jUif 

^1 J **J V ^jJl jl^I ^jUJl J^UJI ^* ^IjjJ .p\ 

.jUif ^jjuUU, 4 Titan <0l~J» J^-jJj t Triton iOj^Ji o^i OjiJ 
.Callisto i j , m .,... IJ ^ij Ganymede iJL_*JIp»j tEuropa iLj^ij Jo i^j 
. J^Up j_S u-jiljj-J 0j& N liLJ .j-^iJl l^jd tu >jVl j>-j 

• ^vo*" try Uji ^Lp Js- £• L. 4*!>U dUAJ J* 
'try'Lyr! 4 tM^ jj^* t** <«~«iJl jL*»Vl 0i» tv-UJLj 

jL»Sf Jiu; Lw <J| ^ -V*^) Ja>- i^ji—t ^ jjJJ ^ykj 

OlS^ii .^Ijjj tJlj>jl o*i cJjSj jUiVl 01 la* Jju M 

C^JJJ .OI^VI ^JL OljIjU J OljjJl Jl jUiVL ^y\jy jy^ 

{hJ* o* W A- ^> J >a» vO^ 1 J^** t> J^ 1 ^ Cr* *^ ^ 

. villi a* ^ jUiVl cjjb ^ t ^>..^JI r LkJl 
tr*J^" t>* J-V ^ t*»J • cfj^ 1 »>• jSSf OjJUl i-JU (.JU jUiVl 



113 □ {j* ^Jib ^SjS 



ip-jij* L»*5U»Jl Lf»l>m#-f O jjJlSj tiALiJl «U1p i>-f Juti ^ULj . A.V.sa* Ja* 
(j-iOu Ljif JU *te tJLijJ olS Lw« ^iSf pJU o_*l oli 4jll L»5 «. l^jt L*j 
L*5j |2 - ^-Uyi J*J aJ>jJ*a cJl£ t jUiVl jUaif JJixJ 4^ t« 

«2 - >>-L>yi -X»u »2 - yrljj*! J«i 

(300) 480 (150) 240 Miranda 

(725) 1,170 (435) 700 Ariel J^jf 

(740) 1,190 (310) 500 Umbriel J^t 

(990) 1,590 (620) 1,000 Titania UkJ 

(965) 1,550 (560) 900 Oberon djjj 



klj* 2.4 iJ-Jj^fl j <-»y 1.7 ij-ejfij tj-jy ilfjf «\JJ of Ja»-^ 
<_-Jj_xJL» jL«iVl t-iLi^l oL£ £_JaJl»j 1.7 «Oj^jf»j ^Sj* 1.6 uLibJij 
Ljjjit j-*j) i<~*>Jl jUiVt ji-^f tjLi^j jjj . Lf*L>*>-V ^ywHjJl 

. 1984 r UJl J 11 (^S^}\ J\ 
i*Ajji\ *Uif «2 - ^-kyi ^JlZS\ U985 JjVl OylS' ^> J&j 
qj£ 130000 iil— » jIjUj-j*) Jjcoj ^ (^1 «— *j*f t L«oL» 

85000 ^j- juj>JI ju-j V j->. ,j (.^j^S jji » <>* (<J?* 80400) 
tJui (Jj-. 100) 160 j_» JbJUjJl j-jjl >_» of US t (J_, 53400) jjtf 

.(1985 U a ) cijJl <u-lj 

:< a.^CJl JjVl ii^Ul >i oLS .1985 U x ^-jJIjj* Jl o»/f l**-**- 
jsj U i-iUl jL-JVlj (^L. 50) ^ 80 Jlj^ 1986 U 3 , 1986 U 2 , 1986 Uj 



J^UaJl Sl_J □ 114 



<>a"jhj-i <y i»jy«-Jl jUiVl oJu» ^>j\ 30 j 12) ^ 50 j 20 
jjXjj t (J_j- 30500) ^ 50000 £y* t 1986 U 7> * 

jlJUJl ^Ijj cJl^of JLii . Lfit* o ^Ji^a}l jUiVi oJl» 
•j-s*** t5*J ^1 jL*iVl> ^fl« [^UaiJl] jL~Jl ik«il^j J»-jj 

^^Ldlj jLiiVl <iL>Jl tfJLl; Jai>ci t i_^« iiJU- J->-bj ^J^~ jj^ 

0- i* J-UJ Ifi j_Jf V t^^Jljj-j oliU- «• of j-Ji-i ,^1? • 4-?ol>«jl 

tojjts* TjLoif J^jj cs JJ ol _ jJUi_£_«i>; Lj^ ^ 

( _^-Jj . Lfli* j j-^J df >U • oLiJUJI ^Uau J->-b jf £0^*" JJ-*-' 

LfJ tJL*Jl \AyJ LfU t^jVl U .jUif ^f ijUa*J 

(_jiJl j> <-rf^l Sj-JwaJl jUiVl oJL* k-jLf- ol J^-$* •js'W jUif ^f 

tOljjL>w» ol olj-^i ?oUJL>Jl» ojjk J»li>-I oji Jj>«j 

. ?oUL>Jl (_$Jj-[ j^z 4 ^ij^JI ^f J4* . oUU- *i jj-J ^j^Jj 
. oliUJl o>& Jjj^JI of - U*kL-l ol - UJlp 

«Oj^jf» 5~~*>Jl iSjli* <L»ljJ C.«j JuJ 

of V| .<~JjJL <.^Z, . Lp-jL^- ^ly^ HiL> i«Jif £. oUjiJL *Ju 

. (_£.aL*! IJLaj . <UJl» oUji)l ^jf 

1- S^I ojjVI a J— -jf* Jl Jjfcjj tOVl «J_ ci ^.f)) J_*^Jj 

olS" o^if j-OJl otf Ui5 <5l yklikJli .Sjs^Jl £jJl*aJlj 

. L«< j^oj jiS^f 

JS* JUaU-t t^.^JLS' ^L«p 'ULoj >^Ji ^ "jU* coytJl ^JUI 4»«k-. 

. V o^>Jl J5Li iiik. SjLi dUi5"j tJU- olJU^ 



jJ>l Ujj c Oj_«Jl ^ i-^jij L«J j^yi jaj <jf ^LsJl ( j_<_>_J!j . L>- Oj-Svj 
Mimas i^U-^i t J»-j _*») -^«* ^J*^* ' jk^ >- U i«JUo 
. (aJ-.-T ^1 Oils' i*JU<aJl jl Jb- ^ 
AIjSL?- JmL JUJL>- ^ £-*>«ij iU JL» 4 ( _ f kJL ' >Jl «IjlJ j_»» jf J_> 

jlisi 4 Jill L*jLS ejlj^-f c~»>cJl J_> J-^-lj (j-J t i-^>L>Jl 

. ^^sf^iJl JSwJl IJla ^^U **J_«< 

% jj-^i liLJj ?i-iUl jUiVl ^ _jJ jSif «Jsdj--»f» Oj^d liLJi 
^^rj^ 1 c*^ j-*^ i«-*-^-J ?*U*Jl 4_£*S3l jJjJ ^JDl L.j ?oL.j_v_; 
^jlp (J—^if Uwjj) c? j-^f • ^--j *LiJ) ^ jSUii of J-i i SJ-) J-p ol 

5j_«_JI iiiU-JI (_JUj j_A _ ^1 i_-JL) _ KjjOj_.fl) ^ j^ftf ^jSOj 

fl_Jj» ^j_JSO>l _ ^L_J^I _JUUUI (JLp c-lisJI .1787 ^ 
t^j-J _ olj_-< JJ ^-y Ijji -iJL-C. _ (1822 - 1738) Herschel « JJi 
L^j-JjJLJI jj—*jJ Liij L_fc*w of ja NJL-.J . LilLj jJSVl < r S J SS\ 
viiLi L^»j uLJLiJ* j « jjj-jjfn -I UfJLp jLWf t i_JUjjJl _ iij-pNl 
A Midsummer t_Ju~_Jl t_i_ar.u> iiJ ^JU-j j~~-N-i i;p-j~». j»Jl i£JUj 

. Night's Dream 

WUliam Lassell iJ-V fUj» ^js-C^I dJLLiJl (JIp «-A..t,-<TI Ufcpj 
JIp jLWf t 1851 tiJb jiSVl ^1 jJlj slJUJl ^yhji iSj*> ( 1880 - 1799 ) 
j_-Sw iljj iJJL>Jl i_»jjJaJl 4_ r< a>«..tU L*J t«J-ojl» Lilt-T LwfcjiSf 
j_iSVl ijjijln 01 t^-J-JL. t(J ^jiiJl ^ jLS") .The Tempest «Si-<»LjJl» 
t jSH\ y> j>-Vl jl jVl *-ij*J b-xij .AiJj ^ U>_>- j^SVl JJUiS y> tUJt 
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.(Jif L^, ^1 ^S** Jttlj lJS&\ Ai\ V[ 

jpLUJ Sj^L- i^i. t The Rape Of The Lock »y«-iJl <Ua^- 

f J-O-ifi oL* .(1744 - 1688) Alexander Pope < VJ4 j > ; flli^jj&^l 

<J^Jl ij-i^li j»— I juil «v»j .Sj— >Jlj it£Jl l^Ji b>UJ vHj-* i-s_*«Ji 
.(JUI bJL (j Jw« Jti aJ-UJU- Ji£»j) »J_JI» ^ ^Jl ^AJI 

iU^UJIi Jl bJb>~. Jjlo*- Tj-i (1973 - 1905) Gerard Peter Kuiper 
C-l «Jsd^ l » w Ji__Jl pjUJl j_*iJI of L> ^-Jf 

. ?L» Jj*P ^j** jjiuu 104] Oj^jf 

. tt-U*. a/t-. q .j!At>l t ^ .yS 



JOp^ (j-Z 1^1 CJli ciLi aJu\a <Jl&. c.,al.7 i^L-f JJ 

C*^" ^ • rfc^ js* 1 -^ 1 JU;Vi jm 

. i . . . l*o j ^1 oUUJI jJL. ^ . Jst-f* : _ 
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. lit t J>-f» : _ 

jJcpf) « . .Oj->j-£j (-jI^JI £^>- ol (jpUxpl J 015' ^j^Jj ?ti>-» : _ 

JS" jl j_a £Li>Jl J o.t_sa.a7 Cols' (^JUli tikiJl eJlA _Uc- i»Jlf» CJlS l$Jl 

.Ja>Ji Ciiif ^ 

: Pluto tjJjL! c^S^I iJU- 

Jj4>^. ^ LjLij. d^Jl olS" t( j>Jl IJL» JjVl oJUl J}U 

Oj-£U)l *ULJi dkJjt jlSJ .ndy^t jIju Juuf jlx. t («X 

j_5f <-SyS gjf- gjjlp (3!)L*P Jp jjJjJI Oj-fSyj 4<Up Ujix-j ^JlJI 

• o%J\j jiL-Ulj *Ulj ^jjJ-f5l Jlp ^j^o ^JJI jUl>JI kJj-JIj 

JjuVl *-ij5Jl Oj£> V liUii iijlp iiJU* 
»X ^S^&U oj& of 
ojljo LJ& . ( _ r ~«_Jjl LfU juuf <jV ti-ij^-jtJl ijjUJl ii)L«jJl 

OLS" t JUL,j t 'l5L.UJj oliS Jit I^jSj JJ ^JilJl cJl^ ^51^1 

i.X jl ^JjwJuJI 0l£ tlJL» ^» . |»->*>«Jl '^J^d <^«jUI 

.,j^jVl ^ jS\ LUi OjSC t-ij— 
318 iSjL-J.^— 1)1 Jl l^jJfj iijUJl iiJLJl ^Sf-^^jJLJl 
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. JbJl JLp ^jVI ilrf !^ 17 
Percival Lowell iJhl*- 5 JLL-^i ^^SXiJl jJL-JI ^Jj_j 

jL-Jl J^ljj li^iX £>T os^l JLif c(1916 - 1855) 

j\i <.Si'i .^jVl iJbS 6.6 Jbjj N a* <i^« ^jLdl 

. ^jVl ibS" t-iU^if 10 Of j-e JL»f U-Ll> 

4_>LiJl c ^Lp L-.LJ tik^Jl j->„xJG ^j-Ji tiil— J>y\->j 

0l£ t |X *_-S"jS3li ili^Ml <~~~* o[ .<iJUi ^jif JJa . OjUJl 
IJLaj . (j-^ljj-j jl-u) (c$jl>Jl a*Jl ^f) C»UJI ,_,» iLikJl olij-LiJl tilL" 

jlJL* ^jIp jJjj o^S ikS j^i ^J-S {j* Oy>*->„ Ij-ilS fciJUUll *L«1p jl ^^Jo 

il^ cJLT ii» .^-jJljje *U> (J~- UjJL. 1875 - 1250) oljLJU S^Li 
.jsJtJl dUi JiJ isitf 0j& i^jVl ibS" ^iU^f 10 «X ^S^Jlj 

diuii ,ju ju a93o jll- «x v-i^ii > iAssn j^f 

Ujj t Pluto «j-IjJbi j»— <1 4-1* jll»f ^JUI Clyde Tombaugh ty*yl J^LSi 

J-5L41-.NI U* jJjVl jJ^JI OV 

jlJU jjjj Li>- 0l£ 4ji sJb«-ljJ ^Jr^i. £^j*Jl 

. JUl 0 >3l J}U ly^Li l^Jjb-f ^1 

jJLS' jjJL* 4500 4jf jLjifrU t,*-»ji* j*f l<i*j . Sj^JI ^^tJl ^ i-^JL 
^jiJt .-a,,,...^,!! < _ r .-»-t,.it jjj ^-L-^Jl 01 j ,jp (J-?* Oj-JU 2800) 

01 ^yuJiJl J^i t jJls^VI ^^ij-XtNl (JUuVl ClL^* c.ywj 

«^fl*^ Uj^j Of dJULoJl *ULp ^iy oij .OjxJ j»ipf ijjjIji 0^ 

. 0 wibJl 
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oul^l J OUT ,1^, oi JgS il '^J-^ ,J ^Vl 01 VI 

.*J olS" s^. t^u; p\ ^f tsyi^ 

«>^» _ 1 :dL!U iJu^. ^Lw.f 5_S^tt iJLjk, 
ijjjLi 0tf-3 t^juJl ^ ^ o- «M» ^-2 i^iyuJl 

<^»UiJl 4.*^. ^ (j ^Li Jj^ j^j . iiL-Jl jL,a>j J^JI ^ 01S" 

^ Aij-ii^. ^iJl cJjJI i Jj, o^*i * >-b ^ o- 

- -- ^ — 1 1 * fcfi. 

• ,JLUJ I 

Jx-^ 01 j iSJ^-lj ojlxi ^Lj)f 247.7 J jis.- ,_^L| 01 jl* 

c> -(J^ Oj^U 3670) jjtf OjJL. 5900 Jlj^j-* ^^JJI .juJ 

Ojj; Of a* Vj . jJJJI li* Lau ^ ^ ju^I ^jji ,^JJ| jujL 
^»f 0_^. of ti^u jVl ijUJI iiJL*)l jly ^ Ut^l xif ^ LU> 

u*^ jf->vi jf jjju j^f ois - 

al. 4> >JI uijtf <$f jf) ^jUJI JfeUJl 01 o*i -Ljl* 

<^>P itf>t «l*Ul ^-JiJI ijit ^jSxi (pJJl 

^ ^ Jl V-^ W ,JLa J -(°- 5 ) ^ L ^ JI VJ 1 * n iCr-^i 

jjLUj -U»*u *L* ^ LiJ» LjUU- A*Ja«. 01^ bl ti,»- iiJ» OjJb jl^ >lj 
i^r J ^ JUJI v-^Jl U ..(al^Jl .JL* ja ^iJy ^f jf tOliyj 
. 0.07 ijO>« (<u«5U) <s«L 0 c »b ^ jjiw» o-» oJSUJlj 
ai oL ^lyiVl UIp iJU 015 njj^L, f L»l Jl i-J^i 
OJ 4^ oi» tli* ^ jp-j . ijyr iliff OjJUj z\ja ja LiJ> 0^ 

.jm U5 Ui*,. L. t^jVl iliJ ^ ^ ^ OjSS 
^ 45^1 i*-Jl ^I^JI O^^-i dJLUJI *U1p i>-f U OU^ Ji5jkj 
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• -U» '£^Lr*J* icr^J^' tijUa-c- : oJL* CJ15 1 . li-^jt 

.JJUL^Vl^tOl* 

j»jfo- ^ Sj_& ^Ja-wJ jlJUJl iL—Iji 01 dUi JjU>- Tj-Jw» \~£y£ ojL~pI 

t^^-Jl o'jb^Nli ^elliptical a->JLJLa1 LIS' o—J c-^l^l oljlJUj 

.dUi ^ Jif J 0.05 i^^* (J**-* djlJU ^ eccentricity 

oljlJu ,Jiu*- jl ^ju IJla .0.017 c^jVl jlJuJ i£jS>JI otfc^l 01 

ji\ 5Jb£Jl c^j-Jli .0ljJw»Vl 0L-Sj-^Jl tSJ^UJl oJL* JUL. 

tajik.*, iO.l v-^ «J ,JL « » ikS" (1/10) ^Jti JibJ 

d»L«w tJj-Zj^ <^%s>-\ j'i (£-j^JI <^aJ) ^jVl ibJ ja 1/20 JaUJ 

.0.2 

liUi 1 1| jSj-Jl o!>b>-Vl ^ j-ij ^ ^ Ja^Jl US' lip 
^^Ip cJlS" *L-Jl ^ <c^p- 01 Uj ij-J^ * J** 1 

4_J ^j^j-Jl t-i^i^Vl 01 tsjlJU J~m*UJ oi Jii cJjj1» (^JU 
^ oJU>J L. ^JIjJl jy -0.25 ijlk* jlJU. ^ 4j> J^f 
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^ 1/20 ^ Jbj_? N Oj~J .j~£Jl ti>^Jl S^Jwill 
^ j.-S'f ,j-J ejlJu £y£ j-JI uitiL^Nlj tiJUi £»j n^julJl 
N tdUJJ .^-^iJl (1/5) ij-L>« t jJSi t ^iljJl ^ Jj ^^xJLJI 

i-jl^ *_>«>- le-U-j «J-»A» (_5» (^J-Sj-Jl «—9!5<^-Vl oibj jjSJ jt jSUj 

jjS' Oj-JU 4425 i-iL— » gjj^L» Oj-io - Perihelion ^y^-o-lJl ^...^-^JId 
t Oaj -uJL. (^jJl t ojlJu ^>-Vl ei^iaJl .^j-^-iJl ^ (J^ jjJL« 2750) 

^ (J-f* OjJL. 4583) jjl* jjJu 7375 Ju^ - Aphelion iJl 

. (J^ jjJU 1833) ^ jjJu 2950 JjLL tu ^JiJl 

tu ^i>Jl ^ 1^1* tj-ii ^ LPjJa— Jit CJLS b[j .«yjL» e-L^ 

'XJi ^ t;L»t Ajujau «jhA j ,y cij^»Jt <-i">^Nl oj 

O s-j^f t-tvau^- ^ Oj^iJ '(J-j* OjJl* 2771) ^iS Oj-JL« 4458 

. (J^ o jJu 20.5) ^ jjJu 33 ~4sl~*j 
y t-jjji ol^ (^JUI _ «jJjJL» Uj t 1979 ^^ii n_»jUaj U5 IJ^aj 
o jiei Jbuf La jup JLaj |«Jj c 0 jiS^f ^^JLJl jl y>- _ <u<i r »ap- 

1989 4. „^ ; ,^a>- « yjL» ^Juj t jjL^Jt jl juJI . L»U jj j— 

SykUkJl oJj» j*j .1999 fUJl ^ tOjJ ^ jiSf ilo!^ TiJi^. 

.2247 fUJl JL> 2227 f^ 1 JH> V.^ 1 
t inclination i<Li| y» <. Lf £ J S}\ jIjuJI j-aIL. j* jgk oil 
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oljl-lJl JJ 0j& J* t U 0>- J[ ^Sl^l Juli ,5^>.f 

• *^L->->> 7 ^Ju ijU»p JJ of ^^J t dUi o jf ol>-jj 3 ij-Uu 5ilp 

^jiS^ ii^ - yu^»f ^-yljjj ol ^*>-j.» 17 £L JjJl m^j^i jlJu 
ijj^l a*^p V jl tfj IA£a, t J^j jla- 0j |ju ol* t J>j j, 

li Oj& V Jii (J ^L» jlJu* ^ jbJLAll J~JL» tJ |juJl ^ 

. jSidS SlpJL* <uf N| _ ji| ijAjbf 

J-J o.U ^ jXluj J ; ,fc...>» <y j-SjSbl plak*l 

jj-S^I JL»-f jJJU M cOjXJ jlJL* Uji \* \J[ *Ln>*i tJUJLiJl 

jijlJLJl ol jJu L.-UP 4 (J~* OjJL. 800) ^lS" OjJL. 1300 ^ p\ ^\ ^ 
Ji L»j» jiSl ^jJIjjj VLr-^i "J^* ^i-* 4 ^f'j-" <yj .oL*l»L2i 

ti-jlJJl ,y l_«j^u oLS' U* yu»*l -ojS" jJU- Jjb i^JJl ^1^1 ol 

. T yC~A ^j-J -uIp L y\^>o\ b[ il 4 ^\ iliijS jJi^ 
^joxj ijs- jjjJI (j-L^ul ojLcj JLii tLj-i^ LS'j-S' ijj^Li oLJ IS1 

j_.Vl dl^ lil .j-^-^l o^Jl Oji JLbJL; Ul* ^ro*; ^ oil*** O^J jt t>-T 
t^j^LJI ^^ojo 4_aJU ojL^b of ^ k-.S'j-^JI otjji JU !)L» tdLJjL^ 
.^Ijji ^. j^ljx- JU>-i ojU; JUlj 
Robert H. i^ijL» Oj-jjji t^J^I <±JULaJf (JU t 1954 <j- 
^JL» ^>«J jJLJl t Merle Walker i ^Sjj J^i Hardie 

UL?- J-^if) . ^L_*f 6.4 J_p- jjJb fjJyijl 01 ^1 Uai>j ciioJl 
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.(pi 6.39 jt _£Ub 18 j oIpL 9j t^ljt 6 

*j\ (, i— »_j yt«JU . ( i*^^" J y ^L^oX^I iLij ^<ay Udjf !JL» j 

jjju L*? 'oLfc 50 j oUL-< 9^0^ J>>- jjJ-j n-^USsJl j~S\ 

'o^'jj-d JJ-^iJ 4 14j oUL. 10 J^U-__^I ^liJl _ J>-j 

. iiSi 15j ioU- 17 ^ ijUJl iiJUjJl 

oli ^ cS-ijUJt i-i!UjJl ^ L^s- v-^lj^Jl L«f 

jJ-i-HD — - 24 ^ ^jVl jjJU :li_A ^ JjJ»f jljji oljji 

jVl UjJJ t)f Ml .iiiUa* :y>* j^Vl OS nSj>$ iyj jJw 

i^f Ji» . W j*** li ijJ^Li jj* J* JJVi 14*-^ _ oMjjjdl 

. ?a3^UaJI JcuJ of 

iJLf; p_SJ i-AjS' .IjJIjLi Ja-il j—iL^ (j-Li t^jlla oil o| 

3/5 jjL>Ci V c^JJt ii^lkJl *>4 i t 4>.jf ^ 015 IS1 U) . JL^» ^Jl *Lif 

^^Vl - ciJuJ^Jl dJLUJl ,JLp i^+Jl Jy d950 r LJl ^> o^Jj 

<-»t ^Ijl^w^L; (73 - 1905) Gerard Peter Kuiper tj-^yS jj~> a jlj-s>-i 

. (^ 508) Jj[ 200 : S^l sT^JI _ iilJLiT J_jJuJl _ Palomar ijL^JUi 

lt*^ •j-^ 1 js*-**" t-^-^II 0V <iLli ^ 



. (t^-jiJl - ijU-JI fL-»-Vl ijj cj^ij ^Uai jlliu telescope (•) 
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Ljjj J* V t iJjUJL) . iw-yl ij^ °- 23 -» « fjk* (^°" <^ 4 « 

cbU. ^j-AlkJl «j->>ijj ul . iJLjf i^ji iJtt 2.2 »-rf^' 

.(jjxJ ^LjI 1/10 jJLp 
a-l-xj - t«>>>^» -J <^j-»UaJl 'Lw.y iJli 0.23 jlJLL. j| 

Jjc^u U IJLaj . pL. 3800) jjtf 6100 ajJb- ^ 0^. i-ij- •>» jl - 

^ yufi\ J_j t ^ jVl - Jj-Uflj "if J£-1> <U>«>- JtUaJ ^jJl _ U^jS 

^ ^UJI 4JjJ ^ Vju, .pL. 4220) jj5 6790 ^JUI ^ ^Jl 

<-ijA* ^J** t *L»..Jl ^ • jz*» I ^L^' j^i ' l£ **** iii>J 
jf j-jLJl i_»j_~£)l) L« pj>»J ^L»f djJL?- li^i . i_*icJl JL»-f 
^» i_iib>J ojjjjj (»_->c»Cj) jJ*t |»j>JI occultatiom c (k-jL^shJNl 
^ jf tsjlJ^ -^f <>« t-o^i Oj-^d U.UP IjJjLi i_ai>- oJj>j 

tijSjLj jlJU jS^ tiiJiSj tSiJb ^3^» JbJbJ j> USUj li^i .•jfy 

. iiaJl ^ iJ^Ji* -VjJ^xJ LaJUp 

^aiJ t^a*^ 1 -*->«Jl t(W>Jl J-iJ >i> jjo iiL^Jl L— i 

. p^>Jl t. { Ja>%> ioyJiiL *1l*>»j Oj—< ^JUl ^kiJl (_$f tijJjLi 

s?* r** r 1- * 1 ^ vj^. t1965 J^^I/ol-j 28 ^ 

cr^' f*^^ j 1 — ^ «>-'^ l 4» o\ <i~;>y tLeo ij_J» (<_p_j_^.) i-Sj-^ 
jJw»f Oi Ji 3600) (Jtf 5790 ^JUi Of jSU* N i^jLi >i jL 

ikS ^ 1/16 4^ o_,jJ t jjUa_Pj ^ij-Jl Osi J"— J 
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,JLp 015 . 1978 JtnO*- 4 JLSLlNl j£ > JSL^j J^t 
IjJu ^k-ilj ijjJU ^ t James Christie k^u-j^S' j-wb-i diiiil 
155) LiJj 61 ik-l^ ijZjbt J oJUM tSjli*^ iil Jf-y^ jj-^ 

. Tjl>- aaow» iJUM-fcuJl 
. I^JjAjJ ^Ja_-< ^jIp Uji <J < -^ J . JJ-^' * i Jr~i^'* 

JJU ^ .^S" ?Sjj_*a)I JL>-f jUp !>LJi cyl yiJt iij^J L^'U dUi 0j£j 
J»jJa>- J^-i ^jlc- (bu«^ Sj^flJl Jjb>- oJt>-ljl«Jl ^>»Jl jJLj 4<JU«JI oJl* 

_ ^Ljf 6.4 ^ SjjA tj-JjLi Jj>- jjJLj 015 01 <J jj-fi tcJL>- ol 

L.jup d980 LJL$J JSh U IJUj tJ *i *Jl tiJIj _ « 015 . 

J-^«j ^JJl _ Antoine Labeyrie i^j^-jM Oljl^fi t^^iJt viUiJl ^JU ^Li 
i-JdiJ ^Ijl>w-Li t Hawaii ^IjU Mauna Kea «LS'lj^»» [J~r] *-•■» (JLp 

*3 4-kUl 

. i jjjJL) i_-5^5UJ T »^L)L* 01 J£*£j 
L*J (KAY - ron) Charon «0 jj--5» 1 j-^iJl ^^Ilp ijr~ij£n jii>f 
J^>« OLS" <5l i-ji^Nt iil ^>JI y ^jJl (ferryboat) ia*Jl OUaJ 
c-*J o^—Jl i£L*» ^1 River Styx i^S*?** ,y>-Jl ^Ijjt 

l»— «l jAj 4 ^5JL5 Persephone jO^i-^i f[ J-i»f o^S" cL^J) 
: <>jj 0^ Tjik 015 4jXj> I* 01 M| 4 jJjL A>-jj 

. (Charlene ijJjl^i 

,y iSj. U5) otla^f 4^Jj ^ ^« 4 1980 fUJl 



127 □ ^yuSoil ^_-Sj53l 



50 SyiJ j^Jl L>- . A.R. Walker « ^Sjj 0 .1 j ^ x (JU Jb J^- tUiyl 

. (%»730) ^ 1170 ^J*u '\Jai id Jj^l ^^U* iJJtt 
L. «.V_-.n-» t(**«f*Jl Jl_.Jl_^J ^ J— *aif A_i, J _J» oVl L_uJi_J <j£Jj 

L. ujJ^Li (J^. 12000) ^15 19400 JUw «Ojj-^» o[ jl; 

JbJ ^1 ^la-Jl tijl^p i (JbJLjj . ^jVl U^-J Jby ^ 1/20 JaUu 

J^J iu*J^ if (1/500) 0.0021 cJL& hjJjLi iB" v-jL-p- ^ 

^1 oL-LjiJl ^w>- jt T j~>^ . ^ (1/6) ^JL— J-ii jS\ 

. i>vx^ c _ y * i 1.x?- T _^Jw> LS^S" kjjjIjj u j~iJ cJl£ 
. ibS (1/10) jJLp J-iU; AxJbS" j^i UOjjS* Uf 

(^iJl n_$JuL^ (*—>>- aJI j ju *>L» . jt*LJLJ ^JJl oiJfc U t *b^>Jl 
• ijfizi iS^ t-jJ^\ y> Tjbj^ <j~£*j t Wilis' Jif 

jLjf t (%» 1850) ^ 3000 ^ ^ 

jiJLfcJl ^ j_aj t (!jL. 750) j»K 1200 «Oj^» ^iaJj il5^i ^lai (7/8) 

. 1980 ^Jj~S *bJf j»j ^Jlil 
j-£\ jUif _ iJUiJl v^l ^1 J\ 'aa\J>[ _ dUL* ul ^ li* 

j ttdb^l) t «y-~JJlS'» 4«JL»Jlp» t«jif» tJj^iJli i^j) j-" 

j-^l ^j-AlkJl j^Jl jl^i ^LJI J dLUJl «Up ^ JjL^ 

The Moon, Io, Europa, Ganymede, Callisto, Titan and Triton. : J)\zS\ ^J* (*) 
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oi> *L>yVi ^ tirfik- «yj 1*^^°" "j^W 

^—JtHflJl Ojj-^t J-X> * L r>^^' ^la— Jl dJUi c5 U *j_*oD 3jX**Jl 

iiliS" 0.55 JUjJ *y -ujliSo : (gj-S oU-La. Uajf IJL»j) ^^S^-. gjJ 
JiVl ^1 dJUi ^ 01S" ^Ul (0.7) J»j ^ iiltf JJt 4 j~ t *Ul 

dj—>j—£S\ olji ujiJl jl!>uJI OLjlJI j . Lj jl_Jl>- 0j-& 01 j Jl-j 
t-a^ii JaUj i| tij^JLJl ijUUJl ^L«>-Vl jj-* Ojj i-i>-Vl j> '((j-sfjj^Wj 

£-0 OLlJI jUw iJJj *J dj£> (JUJI oJLa . ju>«xJI 

U-'A* ^.^r £• t/*" '-J - ^ 1 ***** tAi ^ Jl k-Ai J 1 **^ 1 Oj^iJ 

iJbS" i_AJVi 0.25 ^ ij^-j jLJf j_^t uObJi Sltf U ^ 

6^- ^ -o*jH ^ i- 23 ^ ^ OP c>T J-d, 

.Ml ^ i JS &\ v~Jl ^ t >T^J 4 1978 ^UJI JJ wdiJU 

^ uiJVl ,>•*>!- 100 V- 1 &t iOjjft viUi *V ^ 
i^-JL. iujj-5i Of JUnJ tiJjUJLj .(1/10 yslll ^f) ijJ^Li 

t/Ju 0b b jJuJ V iOjj^-jJ^i IA» 01 i^t »^ U 
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. ?diJi ^iJl Li 

0>& Jjj t J^JI *Lvi-iJl L. 0l£» ^ Oj-^i JUt* . |X t-iy^Jli 
jJ^aJl ^^oJl oLi^li t jAJl J 1^s*a d\S t Ljlp ti}L* 

. ^Jl . *i*>*Jl fr^^iJl <jj»*J UjUijf J j>- t ( jJjJLi 

il>**) J oVLiJl y> (?OL^>ji) Jij— IjJIj i-iuljJl J&j+siy oJl_A 

J_i JU> ^yL-iJ (f) IiJjJj^m jy-~fiZ X> Hj^JaJI JLoJIj ijLiJl 

•S>_»jJl cJL>J <UmJ| OV (t— >) tjl-iJuJl I J_» ^ J ^-r**! eL->Jl 

I^IjLai ^ ' I OV (^) cSJL_Jl oj — ft Jlj — I* i J ^^akJl 

.jJLm? *j^-j> iJj^&Cj |t-$L*»- niJUiS' Doubleday 
tL dj-*- S/li* <-^l L-Jtui .oL^w» ^ j^Vl uj 

^j-^>j_Jl viJUS J J*-}UI jjkJl ^1 4-.»-JL. i-j-.L-sJlj ^J^ll -UJLi ^pof 
IJL* 4_H*jLef 01 La1>^u Oj-St jt 4 _ 5 ^>«pj_ i j olJJU 

tC/ifliJl XjjJtj JUjJl t-^St Jl Lwj . JiJj-jt t iJuJl 

. LfiUk {jt oLxJl Juijj t <Lm»L»>JU oJbljL« y O^i 

4^-SLJI J -u'j^ J-^-j-^ viUi 01 jl; (J t^jVl 0j£» Of 

JL<yj 4 0Vl C-J 01 J\ 

3000) ^L. 1850 : ijJ^i >iJ JLi. ^ aLjj ^jJl J\^\ ^ J\ 01^ 
t 1987 ^Ul ^ j ^ .1986 cJi^- ^ JliJl JLij 

t L^5>^ jJw»Vl fijJl Otf lip .(,J^ 2500) jl. 1600 Jl ^1 ^^iiJ 
Of UJ . UU>L.j >iJl >J (3/4) ^Ljt iJ^iJ L. jL* ijJjLi >i 

.j*2i\ ikS (1/6) ^-JlI Jbj; ^ Ji 4±S" 01* t j^iJl JU ^ 
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f*>- IS « dj& *il of (%-f>^jf Ujj - <iiUJl *UJLp ja bop 01 
(. ^fj £L*-*4 t5 ib>- of j-*-if t ^j_n*j»JI J_p- ^jjf L*jj 

^JUI ( _ y ~^Jjl ^IkJl ^ j— ~£JI J^>-j-Ji p— *JI .^r^-iJl (1) 
Jp- oljlJ-» <y ■ii/x^j c~J .»- r S'lj50l (2) 

J>->- oIjIju* ^ £j><Zj f^*\ c — ?1 -J*-**^" P) 

■ <Sy> jj^i j gy^Jl ^ <jjjw» Ji>»i M Lil l*£ iL~w v_«SljS3l j^f 
♦Lip <yo ^ Li)U ^ U lJL»j SjJS' v^ljSJl ipj*j>* 01 ^1 

c^lj* i-~jf C.a.l^l L*JLp tj JLP £-bJl j^iJl ^ J jVl OiJl J^U- dLUJl 

Jp- jS*$\ Jljj X>) — s^Vt oJU jS\ b\S . <£ jii*Jlj £p*Jl (^jtJU ^ 

t Ceres i^-j*-! y (iiL>)ll ^»L«»-Vl y> i-iMVl (-iLi^Sl oVl 
4850) ^ 3013 t ijUaP >J £. iJjliJLj - (pK 1000) 640 o>* 
^^p i^-j-^-ii Xj_< V> .oijJl »iJLJi (^p- v^J-^ 

.ijlU ikS" ^ 1/200 ^ ^r-jVl 
•JL* ^^^-J Of William Herschel ij—i^-* ^LJji dJLLiJl ^JLp 

' * * * 

Lflyf ^ tp^JLS" <t.Ma.« LkJL' t^l ^Ljl ^ jJLJ cJl^ l^J^f (asteroid 

Jj>- jjJU T <L->«. « J Of J* t iw-5oj_^JJ JbJb«J 

(Jjj-hJi 0L» 4^ j^>-f s^j . ^ j_'>JLJIj ^j-«JI ^jl*^* ^ ( j ■■*■>■> ! ) 
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oLw>j iojIjjJI iJjLJli Jtt Jju»- SjJwsJl ^L«*-Vl 01 t villi p% 
iLu* AyzA J\ (Yards) ob JL, SJLp ja L^L^f ^Ij^jS jJl jLJJl 
of dJUJ_J v_^j oI_JJl-JI d[ J» (.i_»^>^ v-Slj* jf 

Oj .a:,^- !*lS"JLJt ^JUI.^Ijtf^fl li* o^Li *LA*J! otf \*\ tj£lj 
liL«j c (t_»5j-£) i-JjLiu ( _ r ~»JLil J jjJG ^^Jl ^L~>-Vl 

. ? _yw>f LSjS' ^f j£\ L5jS\ - tyj^t 0>*-~i |^aL—p 

j-Caj JLi AJl jij n£j&\ < r £\j&\ -Jb-f <JjS" <_i^U- t pJl ^y^- Jb-f ^c-Ji jjj 

yfc tJ-iVl -dbSj ijlk_p (»->«>y (♦-«-?- ^f of oil Jiii . U jJw»f 

j 4|JL*JLpi t!AJL» j_5f jf ijUaP tlaii jUif aI*^ dULft 

ol jjJb t ^juJUISi j i Ji-joJlpi J . L> (j-l-Ji N j . «oL~J» j < y..JLfl£» 

<y Sj-~^JI jUiVl oi-A o[ •v-.S'ljS' V cTjUif LfljS^ LJU iijyc 

ibS" ul«<lj -L_jJ_j M t I — Aj-^St ih£ L> x>»j . f_.,.,.,..,i <LLi>- i_jJLJL>- j-A 

j-r^ * jS\ t^jA j~a% JL> i oVl ijJjLi li|[> 

^^f aJ! U5 .oLS^Jl f lj^ c > jf J*b->T ^f 
jf) j— >*^aJl o| : JL-i of Uu>v^ o j C.^j . <-JJLt ^f 

ONiUw ii^j t(J -^iJl J^- jIju ^ iij^i i|f y» (v-J^J^Jt 

i~^>- JaUu ijUaP _^a_Ji . ijUaPj i^j-j^i ^ Sj~^ o^>J iJyj IjlAj 
£-i (Sj»u(Jl o i_A . Lajw? 200 Jl^p- ckSj tLi^ij c^^^i ^]ai «_iU-^f 
>i ^yi*^ JaL*.^ 2500) 1600 ^1 Ujl^pI lil_.>ii Ujljlji 
IjJ^Li ^la* ^*J> tajllap ^iai JaUj j-s- t (2.5)> j w ^11 oL^jl^-jj-l 

JLJi tikSJI ^ i-«JL; L.I j-* lk—j ijj^Li Oj-S^ ^ULjj .L^ 

16 UjjJU JaUl ijUa^p iJbS of n t /-js-«i Sj_* 16 i/jIji il^ JiW 
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?/w>f ^ t ^r-St J-» t«JU>*Jl oJLa ^Sj 

>^S\j^i\ j-S\ Oj& of jiSt J-^d _ J_iu «jIjLi oLS' _ L»jj 

jf t5j_Jw» iJU-l ijJ JjVl Oj^f of J— iif) Julius Caesar 

•(•!l*Jj ^ 

L» ' y>-^f iSjS t Oji Ui « (J -'j~-i y ^ J^J * Li^S" t( Jy 

j_» tijJ^Lij . Mesoplanet i^W , „ .j v^J-^* 4 l Lr'0-r ,,,,, -J ^j^*-* 0=* J-* 

.oVl j>- <-»jy«Jl iJL»-jJl ^^L-^Jl e-£jSO*l 
. f^b* IJU jju ^if 



( ~ — 

10 



^ * 

j-j-iJl i^JjJ J i j L)j >^}\ JL»-t g *|JUJ| fU> JjLj-f 

^Sai^j cOi-* 1 ^ us^ J* *i»LiJl J*-j *Uj 

i_4»f jj .^Vl X* jiUj jj iLsJ <Jj tiliJl JU* U-jil. UfljJ» iS&ji iSjjL 
ja»- j> t LJL>- Ju> of ti_*JJfcJl ^1 oljLi.1 j-i j>« 0V 4*J 

L-JJLP 4,^04; i*£»Jl j| vJyoj tcjjJ^Jl J\ L^, yt^Vl jk_^ 

i^Ul 4.LU>JI ^aliiJ t ^Uf :cii> tiLU i.Lil J£>— . C-*- j 



_«^>T i>-U;i t i_^>JI u2p (•) 
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Jyt of ijtj (. Murray Abraham (i^lAljjf ' ol i *Jj*JaP jj^si 

. i . . .^i ^ dLl* oi ^JJ 
^^Ujj tLailj C~s<al'l c«iJli Xpi ^,5)1 JUS] ^SUi (Jj 

: oii . . i»LiJI 

Antonio t^ j — J L>* j_JjJajfj cJf . .t^Lfclj-jf J cJf) 

. t ! Salieri 

^U.m.,.11 jjLUI ^> J~*sJl *^U4 ^ aJjl^I of co,f . ^Ul> ^J** 
o* isl) <-^j-^ JjG&\ t ai* ^Sl ^1 Ujj . Amadeus t^jjiUfi 
aJj» JUjj 0L5" U J-Uf t-j^pf jjj .,_^iJb- J^Sf jf ti^j^Ul iiUJl 

J\—+V t L,:...Jl jji abjt L. TjiU .jjjJ US' JJl£a ^JL^ 

. Ljc* OI ,y iiiJLU j-iJlj JtJ| jji jAj tc-^^wJl jjJb fji (<U 

JL--«>J t$f jf <y t—iilj ^f JL-o t 4 — »L-y. ^f J-i JL-j-if jj 

. -G-uLi Ujc^ JL£JI 

Oj-&f > .....ll iJl^ij . <jJbliu JLlP ^U^Jl JLjJL^ <1^S Hw^Jl IJl^J 

L«f ^ i-«JL I^UIjjf (^Ijj-* .J| tJOVl <^J^i -X* . 4-wf 
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: JS" i-iyCj fjuli t ^ «...t„ll ^ UaJl 

^1 — >-\ ja J — 1>- asteroids (Sj_Ju^Jl jf) oL^_S3l 

*JL>j .(J-f* 600) ^ 1000 >_ill Ceres i^-^-i JJL. L*^ 
J_» ^Jl oLS^JJl oJl* ,h «« Of ^1 t(">L. 60) 100 >_i oI^Lp 
.jbuVl ,y v-i^l sop •>» jjUi N tj^Jl^Jw, i 100.000 UjjJLp ^jua 

400 (jfJlj^*- • ^jIp oL-SC^Jl jjJLJ ^yii JUof i»L— • 
ii-. ^1 iSj^ 1 oljlo-jl abut J_vaJ J* t(J-f» 250) jjS" jjJL* 
p.»>'..lj . 0 35000 j>«^ (j-^-iJl oL&j£Jl Ji*jf (_^f c^jji— jf Vj-^ 
i-;*— Jl oJL*) Cometoids ioLJju *_Ji) Jji>- JL-^Jljt JLlLaJl ^L»>-f 

^ LJ .uUi ^ jt _ i-ljj iS j-^-f ot jjl*3 |J t ^-jW—. 

^ ^ li-JLJl Sju*JI ^ 4tr ~tJI jjJb" ioLjuJI •Lifi 

tr -^SJl ^IkJl ySjj* j> JUut JjVl c^-Jj ..^r— SJI Jj^ jlJU J 
<_JJLt <u-i u _j_JL« Jju^j _ CjJJL* <Ji jLJi4 100 ^1 J-^j jlJ UjJLp jt 
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<y L_i]>. 4 oh «« ^ jLS" — !l IJLa jf siliiJl *L»Ip JlSjjj .^Ij-SJlj 

jlJUJI <~JU tiJU^ ^l~>-f ,_,» ju>cj jlj^Jl oJL*j . ol~*JI -^j^ •jjij^o*' £*j 
. «jUL>-» Lt« >-iyuj tU^^li* (JU>*iJl *UI ^f) 
y> (%0.5) 4-LJl J . a^vll j>,JL->- ^ ^j-i .5,:J'l j—^LuJl L.f 

. Oil** ^ ^. I'b i c ^j^jh^JI 

p-*iJl t 1950 ij— ( - 1906) Fred Lawrence Whipple iJ-jj 

»l§) jlJL>JI lj~S : ia^^u *~>*Ij ol ^ oUJuJl oL-if ot» JJUIl 

^ (2/3) ajJu i_i!Lu i^JJuJl <uJi of t oLL~>Jl ^j^xj ^* jju jSj 
Tjlmj cjJ^> t*>«-"^* oi ^ ^ oLjJuJl oLifj 

^ ojl j-»Jl v_waJ 4 _..T a)I cr ..«.> t Jl C-jLS' . I j...j't ^^JLli O <y\j-* l/J 
<L^Jl jlj^Jl jJvj ejlj>Jl Cw*U* . AjLxp ^IjjJ ii j>%^2j> coUji 

*. s^-j-S^t ^L«>-Vl L.f .£jUJl iJ\ Tji-AJ eiJLi ^>J\j t >*~Jl 
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0 



^ 'fV 1 .jJV\ jAM* J[ -uU ^ jI^- U J^ ^ 
«J>^ v^JiJl jl J .i^f JuUJl jJSo ^ d~>« aJIp 5jI^>JI j^SJ 
j^-J toJUJl ^ — ^-JLJl ^IkJl *JI ^f S>yVl «JLa J& oii* 

. oLi-Ul »LJ*f ^ 
. i gA . - . J l i_Ja«Jlj i_> ^>wiJl *lj^>-Vl ^ US' iJ>£o t ji| oL^o^li 
^ Jit olS^£)l J*^- ^Jl ^ t »Ul al^. ^ iUiJl iUJl JUj 
. p*jJl (Jlp U>xj- IJj«>J L5 w cjUJUI eLJlf aJip 
jf_ jaL<w jf ^ 4_iJ>« cAjS^J^I jf y> tj^Jl ^Vli toil 

<.LJS oIjaJI jf oL*So juJUJI j^,^ i^-j t U f > JaJU^ 

JSLu dz\-**j £• t (^--Sj J£i> jl1>JI ^ oUUI «L-if j,*- 

.iLuiJI OyJl jIjJI 
jf tiJ^JL. iiLw-w JLp TjJw» L*~ >■ ±**>j-> t|JUI dLUJl JU j^Ujj 

t v-.J>\. Jl < -»t j . <JLp jj-JI (j-l^otil JeuJ <. jf <ui ^ < 

4 — SUj j-JtS^ ^f oyu iLj^-J t^JLp JaiLJl j_,Jl y ^Sju i^jUUJI 

.^JUJI jf i sJ^ai\ 

. jSOJ li^l 6J^. V L. i oUJuJl 

Jl IajIjU* aJLaJl oLJJUl oL-if tw^^la./iT ^>-f JL*u a^t 
J^»u n— J.\-« (J^j OL-^-f ^l.>W.,r»l ^JL JLtj . ^ . . o-tJl J Ci jjJlJI 

i-iiU- SjJ jf jf _ ^yliJI 1> JjVl t^^k-i c j->-Vl ^1 U*Jb-f ja iilkll 
<uJLi . ^>«Jl ^jJ Liij t(wuJUl j;-* _ j jf - *(_^*^ ccJ^*Vl 

t( j..-.>t,ll aiLol ^ ti_pj-Jlj 4_»LUJI Tjljj^ JLj (^JLII ^.J.lJl 
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^ L* *Ls^i aJ i-jL^j M jL—o jlla.'.ji SI i-AjVI ^ L$i« -i-ij 
i^o-tJl ^a ^-JjJJlS t,<&j-~>j oLi» {j* JuLL (_$jJl i^-LJl 4-Ji Uf . p>«Jl 

.Sjj^l c-5lj£Jl -^-ly iak»« J>-Ju -iij 
^ jJLJl v^JJL_«Jt ^^U- oJ_;*Jl <w^1j£JI a-joI^- j-^t l^Jj -Mj 
. Aji ^1? Ji>-f ^ j! Ju _ L^L-f -AjJb>- jl Juj ^uljjl ^51 t L*jl 

. d^ai (^J_»» IS Ljj_« ^vsj iLaXp . ^ ^UaJl ^ idia^Jl 

^11 «j|JU oJl_« JtLio tjjjJ^Jl ^j-j*^— " c r«. o .>~ 1 1 J_p- AjljJ^ Njl* 

«>" Ji Ji t6 -^ ^ ^ 

^Vl *>JI y> JU\j . olJUl oLifjui^^y. (1/5) 

Lf>l yi\ JU.ua . ^-♦..tJl ^» ^1 oLJJUl oL-il ^Js- jVl j£ ^Jj 

*ij-?r Ipjj jLillj jl>«Jl (J^Ai ^-c 3 ^; -i^Uax*Jl jU«Jl LfJL*>«x* 

— ** " * f 

^LjjJI Lfp-j_< t4JU*i* Coma «ijtjij aJU <_JjLJI <Ji J-^A: c^o-^l 

<Ji ^jJ-j jfj JULU jf Lu^»j tJkaii Jb>Jl ojjb ^ .*U^Jl ^ L-j* 
JU>- ^ a-JIj jl^ Jj-jJl oV u^«-iJl» ^j^-oj vUjJl i»l£Jl ^ .(wJjUI 
^ k-jJUl ^ (^1 J^r*~d tCJLL* Jij-i» ol— ~J| yui t jUjJl 
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0 # 0 

. JUlsf <U_j*JL 

A-j-Ji asteroid ij-J&^fl; 4^.1 L» j^Jl^ jJ^y>j . yu> J-*aif 

UI^J d~>*, iiLu" J-^J> J-O LfJ o^Jl oUJLJlj . *Kji 

. ^ . .^ . tJ l Tjj»- oju«j jj U tioLsi i)U 

^JJUI iJU- t ^Vl iJUJl cJtf .dUi J_^a^ dJULiJl *UU jukli Mj 

JU ^ 1826 fc* 5j_4 JjV o^p «jlJL- jV SilS JJ* Jij .Biela iVLi 

Wilhelm Von Biela i^L-o jjJ (J^Jji t j-jjI wJl dLLiJl ^Jp Slj^k JL^t 

6.6 J-S" <^i>- 4-ji ^Jl. t ^Jw» jl-U eJJuil jl* . (1856 - 1782) 

ejlkuV SaLJI L. oi jLS" 1 1846 JUkp . oljj- 

«• " 0 * f 

v-Ji-Jl 1852 fU)l . JL?-lj <_JJL. Nju oLJL. jt U ♦ t j.a^; 

LajJ^I .<Jk±*A & j>-\ JLCiL iljJL^j oi toLiUI Oj_4 of 

fj_»t kJjuJI oj-. ai j&j . ^-JL iVLi ^JJUl oj* tSjISJ 
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l-j-J jUJl ij-Sfll >LJU t jLa. J&i, Ujj-. jLJJl o^. V Jij 4J-UJI 
jULJI Lfci oii jJl jWuJl dLL' ^ jSSt U>^' ttla 44_jUI £k- ^ 
jtUJl ^ oUiJj-* 4 4_JJLJl ^k* c^jl. JJii Ji^j . ^Vl 

U LJLp) 4_jj_JU *Ub»-LL. LaJt ^Ubj 4 >J0 Tj-^ l*Ja- 4-i^&j 

.*U JSLi, ^k-Jl jUJl J* J^l^. 4oljL^Ml «I* Ji* 
4^h ...II jp jlUJI >J JOu ^jUI jUJl Ja*>, ol» 4iiUi)lbj 

iyyt jUJIj Itr *-SJl aUiNl ^ Jb^T i-JJLJl UJ *lj^Jl J\ JSj, Ji 

. Jli>Jl jUy ^ I A* J*i 

JIWJJ 4,J 

.Jo ji' jaj t,i.llj> iJU ta 4-.JJU.il 
(JU Uj tEncke 1^1 ^Ul 4_JJLJJ Jli* J^iifj 

^JLil (1865 - 1791) Johann Franz Encke i&[ y\ > OUyt-i ^UJVl 4ULUJI 
4 4_»j^» jIju _Jv*«f ji j> 4_JJUlj .1819 ix-> ejlJU l—> Jjf ol£ 
4_-i^ JUfJ jU»j .oljJ— 3. 3 J_£ ( j ^ u^ Jl jJw ii 40bja j-^j 
J& L* Jiii <it - jJ^ti jJSt 'u»L> jju L*i* JS ^ jL5 40I jJl oI^JLp 

* * * > ' 

Ji tS^fJl JH^Jl .^i^Jl jL^ 1 «>• 4/^ <J>juJI oJLU- 

1^1 (IfxJ JJUJI W J-*j»{ iiij-Ji jUJl A-iji* ^ a- '^ 

jjU i_, >11i: JJ L-A;f IJL>> . tjJU*- >-a.L<U.II JJLJI 4 jLjPj jUo d^Li 

V . 4_J Ul 

jf 4.J-JU- J-l^ ^ J±d\ & Tj^-f *J ju N 4 f ^Jl 4_jJlJI 
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l-i-^>- t5j>«; oLS" ((C r <Jl» twJj_<Jl ioJla iJUJlj h-JjaJ v_iL5s» 
L«j^p ^5; toL5sj_jSJl ^]a*j> oljlJui .jlJuJl t ^^LJI JjliJl 

. I jj>j}\ jl-U (_£ J~«Jl SJjJLi tUj^P tl^jt 

^j-S^Jl ^J!>Ll>-^! ol jl-u oli cA£j£ LLiiSI ISli 

oi_* .Sj-ftjJl e r 5j_S' j» ^o^lll jjf Lj-»tfu^*>- iijSj £~>*j tLjjji 
; jiill js- SjUI La ^iSt olS" . Apollo objects « ^JjJ ^ L~>-f 1 ^ oLCj_£il 
,JU JU 1948 ^.iikl ^jjl 1 Icarus «jLCl» v-Si^Jl ti^-Vl 
II* Otf . (1960 - 1893) Walter Baade »L jdlji ^/js-Vl - jLJVl dUUJl 

^1 ioL^-SJI ^ t ^Jfj 4_u j^-Jlj ^-iLJl «-Xj_SCJl 

. «jlS^Ji 1566 : JLis jJULj LajojlxJ 

17. 7) jjS" j j_JU 28. 5 iil — • ijs- <J^>- iia-il «jl5C.|j 0j-& 
jJS" o^L. 45. 9 iiU, ijlk^ c-Sj£Jl Oj-S^j .^p^JLJl ^ (^L. OjJL. 
-Lty—J Jx^j a . . ».J iJ l j^. <-jj^a>, « jLC}» jf t Lji* (J^ o _j-JU 28. 5) 
£• j£JI IIa ^Lw~J cJlS" .ijllip LjJJL> «L>* ^j^if (3/5) ^U^f 

J^JI Jl xz. ^JUI ^1 oLui Jl dDi ^Li c^^^Ul 

<j*JJ&A 4 «A^' t^^r^l 

'(Js* OjA* 186) ^ u^Ju 300 iiLw .Jju £J t J tjisyt J^. 



Jt>UkJl C~J □ 142 

U5 . 4 j 5 >Jl dLJi j*- ^Jjyv.^&fS £jf jipf ykj t 0. 827 ^ t (jlJuJl 

jUiAJl ^Uk_^l >iJl >-a.^l t 1983 ^SI/JjVl jey-- ^ ^ 

*w LX£ ^Ij^JI Oji ouiVb J^u ^JJI IRAS 

oJL_aLJL. uij^ fUkJ L-Sij «1983 TB» ^Vl Jjt ^^-£1 ^ 

^ oLa^LwJl y> IRAS oIjlaLL. ^li" .otS^£!l 

t 1948 (UJI Jul* <uf Jk^>Ul) «3 200 ^Ji^ih ^\ Up jU»f Jui tl^ljlx. 

. j\ c-^-UJl v-iLi^t J\ zyu dUi J*lj _ 1948 JJ ^j-^Jl 

^ ^yf 4_,^l.,.^l>- ^ dj£j <jt y» «3 200 ^^SjjSiSt JU- ^ jj^'j 
l^t c (J-- j j-JU 13) jj£ 0 jJb. 21 JLa-j N c I J>- ^^^-iJl 

Jbu (1/7) ojlkp juJ ^ Jifj ujL^Jj JbJ (3/4) {L,J 
L*J tPhaethon «<l)j_ii» *- r 5C i j_S^Ji JLjJI . ^ ♦.JiJl 4,_^»jVl 

jJLjJ ^jaJI Jj->- C-iUajl Jti* t oLjJL. ilL~«Nl <>j>^ ItJ^jyu (Oj^ii 1 Jb 
j^JlJ ^jd t>t Zeus ^i^j-jji »-iU-j .*U-JI 

Jj»i jS\ ijjf- ^ g-JJl «— 'j-dl ot .<udti iipLsdJ 

.dUiJl ,Jp ^j.ojjk-Vl ^ ijisyi 
340) jj£ jjJu 385 t -^jt ,y - jVl ^y^-i of U5 _ ( 3200 j 



-v^ 1 ^» h3VI jsS jM (•) 



143 □ ^ >^aJl r l 



^JLj il tj-.S'f ^^ij^Jl 4_i^jC-l of off t«jL£jl» jlJu ^ jp- iJlku-l j-i^f 

oj( JL_« tJJL^jt cil ^>*jl Uf L.i^SjjS i^jjlj JU JbJL>- pi; jAj 0. 890 

1. 12 JS" « jL&l» a^w ^ J 522) 1. 43 JS" 

• (flJ 409) 

aj-j-* Tjl>- fji—jy jt£ n_$iLp 1— »l ij^t JjV Juf j UJup 

^ t 1984 ^ — d^/JjVl O^LS" .jLp jt jLiy ilij Ijj, jf *>U 
<JL> j'IS" t( ol^Jl .coma iljJUU Ja»J^ jJU t^jVl Js- 

LJL. 

iwJj_*Jl ^ j£ f t ^ u . (*^J tjt-uJl jLjJI oL.«> ^jj*^ 

>>»-JL> (wJjuJl JL>- ^ 5il_p dj& «i~>- jf tj*^' ,_j1p (j^pl ct" 

J_J L^Jj) i^idl i-j>JiJl oLL-^Jl 4_JL; U a.>/:JI OjSci 



J^UoJi £ ; □ 144 



JLi c ^Jvu ^jj .LjJlistflj-* ^ cAJi-Jl *~X L^l JLpi cLjJljIJ-* 

^Js- J* JLdJ .oJUW jSUjj t L>- iaJJ v_ — J ^jjl ^UJl v-JUl Oj£> 
aJL«....,..,>- Js^J-j UJL^j . (VLj ^yjlj^JI k_JJ_JI iijU jLJ 

. U jJUa J UJ Bielids joIjJLj U ^JyJ t^jVl 
jL" <:15^ J&* ot ^it tfc-» ^ fL-ft ^ (i l 
v_5lj£Jl t J^o ^3 Jo v-IJLJl cjja dl* fy VI cvUJi5 jM\ ot jju 

^ J_»Sll J* j-u-i j>J±-j> U-^Jj* 2201 » j t^jJ 2101i 

Tjut idjiii j'-^ ot ^ Fred Whipple tj_^ a>» of Ml 
OIjIjlJIj .Geminids « jL-tyJlj ^^-i Ta_^j- ^j-J jUl jlJ-« ^ 

^» lip i^UUj .iiaUa* IflL ^Ij^Vl .U. - ... J ^1 olfcLii* 
.<iJUi£ «oyui> ol£ <-JJu ^il^l ^y* y^t fLj4 Lt jt 
ot J-^JI ^ oLT lil L. JI>JI jj-> 4 jJ^ r l— . st-t jV ^ 
y»J jJJfe SI ti-~»j ^J*-* OVSJ tsiJUS ^Jb- yj .^jVL. »oy-»l f.l l a —rt. 

~Axa> JL*--* t j»l— <-S\_£$\ t-ili ^ oUjiU- j-Jt ot V| 
^i-.l jJ Ail 0L;L->JI 6y~A *i\j>-\ 

ojSj j tl»L* js.~0.~-j j~z* jej 1 -^ 1 ^JWl_a; t ^Vl ll» 

jijlJuJl ^li* iki J\ «Oj~»i j ^jVl J-*j ot tj-t^ JU^-I 

^IJlk^Vl Oji Jj->J ^jl>«Jl j->^ ^tliJl iki JL«~; ^ cM t-^'j 

.5JU 

. iUJi jl~ r lJk^Vl JU^-I o^i T>* Jit J-Jbr jUu Jl 

yijujli i-ljJU Giotto lyj-s*-* JUA\ jL--Jl ftf JbiJ lilip-'iti] 



145 □ ^>--5l fl^Vl 



tJliJl Uu» iLS ^-if SJLp Jby lO^i Comet Halley i JU 



^ 

11 




v ; 

f LJ» 4_j>j ^ Lt ?^LJ of Oji (>• I ftJ a i lJu> J ^J»f ^ L. . dUi 

of J\S+\> «. ^-^ikJl J^>JI j>^. r Vl 015- ISJ L. J c~Jj 

• c/V t> c^* '<!>f- J&j ^ 

i^Jj *J V tli0 ij| JUJJI J Ji* ^ b[ 

Big Dipper tj-SVl v-OJli j-s-w ^ cj£*I Uf ol Tjl-«— ^-xc-L- 

. 4JLIJI iijjjjJ *L»— < 
^ . Lr ^UU J_.l5 ^i^S" t 1925 r LJ! J» tdJUi ^ 

. oLi^l. ^ % £jUI dUi JU-i tiitf 
J[ J — *L*S* o>Jl villi L>- JUt ;^Lp L J* ^if 
S^^oi S^i fb i^Jill J-.13I ij^ V-—LJI ^jJl ^ i^^l 



J^C-aJl «L-J □ 150 

• fc 4 ^ ^ ^ J kJ.a*LA Ol 
J-*w- 4 (Jif U ^pk-pf/^T ^ t5 ») 1932 »UJt ^ *i 
«jV Sj-JU cJtf %95 4- r ~>; "jULS" jlSj iijxjs' Cf •*-»>•* j-^-l' 
c^jlj_iJl ^LJI t-iijj J-Ur J-ij JJb J}U ^ cJ*L*a; ^^^-iJl 

ji» ^^Ip cu£ i 1973 <u-Jj-j/ 0ljjJ->- 30 ^ »i»Jb- LtJUp j£Jj 

y>»\S \sj~S c-jIjj ti-iyJl Liy' *t*^!>-* <j* Canberra I^JlS <:>i..Jt 

idli; cJL* . e-Sr- Oji ^ L-fcJl JLjl N d~>y £>_JI 
.^L>. ^y* ofj ^^li ^ku £jjf t JI olSj iSjaljJl SOJUJI 

.5JbJU>- p>J l^tSj y»Ui)l ^ jJJ *Lif t ^ t»±L)L» .^1 Ulu^i 
i_4>-l^« ^ Ltju^p ^*.iJI oML»- j* iJU- jjl>u ^ jj-^JLlI »-Jj-«5'ol 

Aristotle ijk— .jfi ^Uj-Jl ^j-JLiJI Jl_i ^iJLJJL^ N ^^-£41 
>* ^rj L^J^U jLu tol^J! j- 18 t/ tfilj .(.f .J 322 - 384) 

.<jk*jf» i-iiLJ ilJjcu-l ( JLp 



151 □ ;jujk>- 



. ja\ Mi t^fj . 4*^*1 I -La Ijl> Mi : 

4 P^J^ i-*i»L- ^1 j>-\ CJIS US' . (Uajf jl _>]»f ^ j*j ^JUl) j^iJl 

t^j-ii-Jl t^jj^Jl iSj-jk^Jl tijUa_p :pJl 4-><.>..J U ^jkj cLf»*lj-» JjLj 
JS ^-...Ul olSp- ^ Tjla*; p\ CJIS" lirtS>- of ^1 .J>jj 

J-^Jl jl5j c L>Uj Cols' i£^k*»j jUUf ^ Lfiil^ ly tolS^^Jl oJLa 

cLUJl *LU* oLS JJL-> ^-p cLjj^l ijji J_iJ t( *iljJl .USU- Ljj 
J^J tSumerians ^j^j-JI _ c-j«-lJl cUi T*Jb tL^jjJJ LjJjjjk. 

i ^Ja—. jti JLii t l# j^SCw N ^1 j 4_».la,r. Jl ^ ol jJci\ Uf 

pjJl tviLli Jli* . 4_jjLw< CmmIj t<L»y>Jl iJLkll j-»Ul» Ijif Lf ip 

j j>v ^jk oLJJuJl of X j cm « _jk-jf » OLS) . oLJ-LJl j iijLJl j t_i*»l j 

jl_£»Vl ^ t-*L-*J fOM> olS" t^r-I*^' f-^J J*-*SCU ijk-.jfi fj-^j 

*Jl _ io^gJl 

. *-> ^ji J_*p ^f 4*L»f Jjj J _ j-U L« ^ _ a;V t^-fLJl pJl ^ 

L*>J t<Ll»Jl ^LiVl l Js- *bjJ» tLsAiil JLau cJbJi-9- jl>Jl 

.•LsJi j> Tjujl>- ip^ cUJu jf Jjujb- 
oUiLSCll o j>- Tjl»T J^-Ji <jf 4»l >-«.^7 SI jjJl ol <. JL-StJL. 

|J_Jj-^l tOj-pUaJlj oLijiiJl JjJ-i tojiL JJV <->^aJuj tij-iJl 

. . i-iUJlj JUl»Vlj *L-Jl j^j (Amalekites i jJUjJIi 5il»^ Samuel 
^rJl ^ JUJ JLij . 4-.^» jJS cJLS ij-iJl oUJLSJl oV ^1 dUi L.j 

oli Ljj_*-i ofj jJ n^ji^ScJl _^jL»i j ijk-ijfi ij-rj Ji-^*? 
4j^p o _jJj_>J tviL-i Nj u»j_~i i«LwJl ^ TjljJl>- L«.>j tOjJJI > iJ Ltt> i l 

j_*iJl ^ ^ Jj^ (*-*^ cj«ri OlS' U 4jf OjJjAiJ t t<> ; ,. /H»» J»>jUfljf 

. .jjiljj> \y\£ * cr i ^f jf cOljSL*Jl jf 



J^LAJI il-J □ 152 



dJUu jf tL* S_cj^>mJI oJ_a ^JLj jfj 'fLp^Jl o">LSLiJ .Lj 44-JLi ^ 
UjJL^j-i ljJL_T jiUl cvULUJl *LJp j>-j (?^t ibjU* J-*) .iJU* 
ojL«-Jl ^1 — >-Vl till; ol jlJi_*j L—L-f I j-JLS" t L^. ol jL^-Jl 

dUi j-i>Ia_i I t oLS ^>Jl oju» j>j . J?-jj i| j_iJLJI 4 ^j-Jl 
(i->j£j\ i->jSt ^f) o-^ 1 <>• ^ ' r*^ 1 - 

ijJi-f-Vl ^^iJl Big Dipper i^Vl cyjJli ik-*-!>l. ^ ^Vl Jbj* 

. L....».j i-aJLuJlj <la .....It cJ^-Sj^l U^-pj Square of Pegasus 

jlj_sJl £_«~-f i/*" -^i" 11 - 5 !- f** ^— »t* Oij-^"^' 

:£>VI 

. v>Ul UJUI iilu ^ . 

. -bJl>- «uf ^Lp*; j»— if . LiJL^ . ^£ _ 

j+* <.d\S b[j j>- TISU pJ- 

^ ^j»u ^k^tf jf . Jo>-^Li Jui c Lib- LJ»L* ^fk ji 4 

UJfc ^St jJJ <^S\jS SOp j^llj (Sirius ^y^) i^JUJl ^ yuiJli ^* •U M Jl 

^-oaj tiJUS JLJti - ^Lp (^f 4Pjla_M> ^ ti^bj ^-ibj jl^ 

Hipparchus i^j^jL^i JbJ_>- LuLli ^s> <uljj J jf dj-ju 

• ^JJ S -H-H!- 4> ^ Jkj->- i/^ ^ J~*J ( • r • 120 " 190 > 

*LJp oUL5 ^j&i L> cJj-io li^Jj ,y j\ ^f 4v_i-<b0j 



153 □ i-JO-lsf pytmi 



Jj-** • «tr^J^*» a* u8»j» ( 79 ' 23 ) Plin y l J^i l J^J^ ^y*y^ 



J_JJI p>« oi i^^SjLjkj jl jju . ^ i^-JL V^U* IJL» j-u>_j 

^ JftLJ JL» tJb ol tdiJi J* j-iS'Vlj .olj— jji J-.JL?- pj>J 4jt ^jILp 

. JUJl ,y (UjJii jf) TjbJbr dlS" lil U ii j**j 4ik>>Jl 
i-?">C JL* (170 - 100) Claudius Ptolemy j^-j^Jk ^yz^S* t >-T 

. jysoJl 4 t±JULj cJLS" . fry 15 ftUoiJl JLu V| i jj^5cJ I jA-j| jf i jk«. jLi 

guest o jjljJl p-^Jli Lfi ^ -*.>.j IjjlS") ftU^Jl j-L; xjl>- oJUlJLj 

. (stars 

Oj-Ia) C ^ a ; t(j^L>- (_jJLj CIS aJbJL>- ^><J <, » <■ > • O J>> u ' 

L^i i[ iSJJS t<£y* t*H>» oils' J-j tlil— . L4J jj »U-Jl ^» jSUt 

.(juVi 

(^jjkJ) luLJLliJl i-jS^i ^ ^jk-Jl ^JLj U>J t ">Lt. IjJUffj JiJ 
oUj^>« >^>b k J <«e»UJl |t-*jlwf ^ cJl5 ^I>31>) . 183 Centaurus 



chUJl □ 154 



i ,_fSj^ \* c <2J& £jt Xjp JbJb>Jl ^->«Jl jlS c^U^aJl 

^ T oL5 <c5^j . i^->. Jl LjJ ja 1 5 y»jJI ^J**** £f ' cs* <3.j*i 

j£*j jL£ . I jola ** \->.JJJ^ »J—*l— >^ ^ t> ^-r > *-i t ^j-^Jl «-L«—Jl v, a./i't 
jj cJl£ Ljjf tiJ^ 1 fjJ^ 1 Ar* tijXSL-Nl ^ -CULL* 

( _ r -y_jajiS'» {J^y. <_s^* OLSj t^^'jJl Lft^^ap oJJis 

. oU Ji _ j^j^JJau 
i Scorpio jt-jj-iJl ^-»» ,_,» jJLidl ^yliJl JuJt>J( j*j>*iJl _ r -fl»j 

4_JL»j OjXdJ Lj jA i »^-/»« ojZai (ioUJl ^""""fy *4->^*cN i£ j^JLSU 

Ji oils' iJly J\ . ^jjjf if d$ (J £• .^^-if 

. *L-Jl J~s*l£> Njb OjjO^I Oj-iibj UjUIpj (, 4.C>«.j..~ Jl C-Jb>0 

<j dUJtf SJL*JI Lupus i£ r J\ j\ e-JUl ^ dJJi otf .^lj£Jl jJl* 

<UJj tOjijuji^ll oJL^>j ^Lw>( jl5 .1006 o j$> jSj tio^i>Jl *LwJl 

JLii t a-. : : . ^J I jijlJcJl ^ O^Uju ^JJl diUJl *LJLp ^^oxj tw—^oj 
£_>Ja— (1/10) JJLp JiLu U ^^ZUj SybjJl L»*Aj; JUif «u>-jf ^ Qj£> 

jij-Jl jJLdl J-S" Op <.-y^> Sj+j. oLS" 4jf L~) . J-L^l jJlJI 

L>- 4_L^Jj tiLii ^<L- -f (5^-. 4*^k-. ^jt ^Jb |J j^J Otj Jb N tA-i 

jail Oi^>* Ju* jjuj . iJlJuT ^jJJl ^ diUJl *UJLp 

. iJUiJl jj*a*i\ {ft UjJ i>-jU- CJlS 1 IaJUp Ujjjf <jt 
t (jjjliJl (j^j -jxj tj_Jj;/jj_*j ^Lf j* ^) 1054 j»j 

jJb o^i ^ ^ .Taurus ijjiJl ^rit J jJtJl JUJUi ^ j^m 



155 □ f^*J 



tJ^ Juj t (LL^f Sy*>!tf) J-JJI ^ fc»Lj it JiL 015" «;f j». ^(J& 
»L*JI ^ jl^j ^JUI UJb j-tfVl j^tJl jlS" >0s ^ sjlJ oi^^Jl jjJU 

dJUS ^ dULiJl *Up ^jU JL-^f jSJVl *L-JI 4 (Zodiac) 

oli i-Sj-^i J>-b -Ui> j^J t 1181 (UJl Jj-^t 
Jit 01* Ji jJb ,J 4jf ^1 . iJtwdl *UJl ^ Uuf Ulp Cassiopeia 

j-a Mi tA_Ji IjjLif ^jJLiUIj ^U. ua J l jt .«0UUaJlj ^ <y tp>k-. 

• ^-JJjt J»p*Ll j;P 

Jj kl^y (L^U jlS" jij { J>- j^pj JjJUflJ ilJUc-.l ilb-^Ul 

iJ,^- j-Jjti t/j-s-Vl - ^jj-Jl ^JULiJl ,JLp cxltfl t 1939 i-i- 
i^l yJli i-i>>J( iS^I Jafcb p-JU UaL Tyl t (1963 - 1897) Otto Struve 
JjSi J\jlJ)I\ dlLiJl ,JU 14*^ ftf t 1952 j 1950 .Vela 
4 1955 i:^ 4jL»litfl ^ ^JJI t (1960 - 1924) Colin S. Gum 
j* 1/16 JaU i^-U. JJull jUJlj jUJt ^ i^ju- i*^ L^L oU>l 



. iojJblJl ^ <-O.L'S\ JbJL>- p->«J ij\ ^yt (_Jjil j~*JJ .<?yj> 1 500 

. (LJU- viAJi jjJuJ o jjjli viJULoJi t-Uic- <, Lp _ 
(>• j— r^i VO— »^ Ol—S" dp_ p (%jJL_«.» ^ JLjJ—^JI j^^Jl of I — wj 
4 4if 0^1 dlliJl *LJp yuLj . Lc.jk-. jJ^f aJj-J ^ Jb tt 5 p^Jl 

. ^ji oU O t L^-^ C ■ 1 '/jail i ( j..o..,tJl o AjJaJ 

t ioj_l>Jl «-U-Jl ^ TjL_jo 4j j_S" j^p^I . ^ <s- jiJS 

teiXJ JJL**j »l j^*^ 0"** -dAJi j— N 

30 000 JJ iJUb o^ j^>«>« _ LJ5 _ otf (^JJI cJjJl isyc 

VjJ t SOaLJLJL SjjJb:- LSiai\ SykUaJl oJU CJIS JLi) . . JbJl *j-J 

tcr ^UJl jbJLjJl ^ 4 1181 fUil -j^ u Jl 

t *LiVt dUb* ,y . JLjJU*- |^>J of J-i 400 j^>J ^ J_aJ 

,y cJLS'j [irfjjjVt] SjLiJl Ojjki cLjjjjf ,y jj-Vl cJl-J 

J-y^i ^jd^Jl ^OiJI jJUJI yiJ d543 ^Ul .aidlj ^>Jl ^L. 
tviiliJl (Jp ^ L_>L^ (1543 - 1473) Nicolaus Copernicus i^-^XJj-j^ 
olj c^j-^l ^IkJI jS-y ^ tc ^jVl V ttr -JLJl oL ^OJUJI ijkJl 
*-j^J U fju tli^j .^j-^-Vl ^1^1 jJL- Jju ^ ^jVl 

Tycho i^lj-ij^* tJi 4) i^!>^- d»!^5» ^1^" ^-iJ JUj 

T*>j;- lJlJL»- cJLS" tJbj — It ^^oiL i*l>li. ,y (1601 - 1546) Brahe 



157 □ sjuJj- 



• "t/l^jW* 11 *UAp J-^»f <if jjjj .iJjUJljJl 

^jjjVl ^jJ jj coJj-Jl dUi ^ . 1572 r L_J! ^ 0Vl j>J 
dj^JLi) ijljj JL*i>-l L; ; .:.t.^l ISJ 4*L«-»JI ^ JljJl?- <^f j*- Sj_& 

i—oLJl ^ ( ULLI ,y U*j_s<a>- tvr _sa*Jl dUi ^ ,>JLu!lj *LJUJI ja 
ijSj-J Ja-j LJLp j^JI oLS" . «.L*~Jl TjbJb^ u>J JL»Li t^'U-^JI 

obn i-Sj^j .^Jia^u jf J-*2>«i V d-'V 'f-*~r <-»jj*<Jl l L f J Si\ oli» 

p>j ieiy t a-^>- ^ Jj'U w JSLi ^ ^ (i^^l 

t-iJb" tjVl Lf£lj • ^jOIi ijSj^ oLi tiijJl* is-y^jk jZj^j t jJtJI 

iW t-i^>Jl J-£>£ ^ Lj^» 4 ( j-oLJl . • f.j^ 

V <uV c JuJi>Jl pj^Jl (j^j Otf li| U tAi^Uaj ^ JLj jj5w» i>-f 

JLu *L»-Jl ^kJl <J j~z> i| tiiL-Jl iLJLJl tU-Jl hj-prjA 0L5 
. iX^Jl iJLf; ja JL»-f ^j&w 4 ^JaJlj . • j* 

^JUuiJji c ^Uf jJLp jdj-SI <*i oLS" <of jJLu c ^il>Jl ^ 
tjS^i oJUklii of J-i |>jnJI JiAL-i d J\ t Wolfgang Schuler » J^i. 
iL-L. fa_. ^JJI <.tj£j> ti^Uu t ^Vl £jb (J « ^Jj-ij of Juj . ^r-^ 

^iAsf L. ^jV 4jL#J oJLaLjl, of ij-Cii OLX.i_,j tLuf ^Ju 
i^U «a*Ll Uxp JiVl ^-jl^Jl jJtJl JbxS OlS" (i^Ji 

u_Si 4^^^ iLJ ^ 4*^ J*Uai. OlS" oiJk Of j-* ^PjJl JUj . JjVl 

.jUaiVl ^ LJL4J ^yCio Of JJ iUlS" iU- C^aill 



cbUiJi a 158 



e ykLk « _^iiM.jt» (_^tj t— -~>*j w <-U-Jl ^y SIjLj J^-i p-s^J' *l>t Ujj 

j\ Parallax « JauS\ y> IJlaj . ikaJ y> Jla^JS bl 4i^iJl f>^' 

(^400 000) Oj-JL. JLh- JUu j-UJi jt ci^Pj jJjU 

L~£p v_.^1_Uj ij\ JL>y jf L«jj . <U-Li 4 j*JiJl *Uiiw»b ^kuJl 

ybljji c~-J ^/Jl ijlj-^' fl—s«-Vl jJL- jf 1 _ s x* i 0l£ Jiii te^k-t ^_»*>b>M 
JUu LiiUaj |^«-j>- Jjf 0J : j->-T J^-i>» jf ^ J*jf 4<_^jVl j->«J 

«, o •J^iVt OlijJl jj>-j j* <.\^j> T-JL»u UiU-j 4 ( _ r ^jVl_j*- 

j <1« j (J z\ 4^-*— i^i ij-p- 4i--Aj . vlUi5 
Of j-* jJw»f jl^ • ^^k* <-»!>U>-l 01 c^f 4 Jaui\ ^f JjJL>JI 

jj^-JU L» li_Aj JL_»uf t ^ JUof *jl ^_JaJL» ^Jju UlAj 4,j-Uji 

.UjJJ ^JLPj OljU-Jl JU5" iJUj— ^ ji*«-jf ^fj 4 jv— U- J^-1j 

*^LJI a— Su i 0LJ 



159 □ iJuAs~ f_>>^ 



oL-LiJlj oI-XaLLoJ! ^*>- i£j>*i jl£ .1573 <~*> j-£J 1>Jl^ 

• kjjjf i> ^ f- 11 * ^ ^ J«r of 

■ - " * - 
. De Nova Stella « JbJ>Jl j»j*^JI J : lj^£>^> 

JLjJL>JI ^_Nova ( *>f(Uj_;» L«j^p 4_JI jLio tJUJl IJL* 
tSXkij^ jJi^j*AJLj £»>JI Silp jf ^ t Novae l5 Lp £*>«j ti-^J^UL; 

.Novas: S ^-iy 5iU»L LJU- £*>J ^» dJUJJj 

. (Novas jt) JbJi*- p>*; Li>o oJb tlo. J I 
i^ >r - 4j _i juipi JLJVI dJULiJl jJU iJL^ t JUuJl J-~- JLpj 
i^j-S^ ^ ij>-j mj-£o» JjJ-^ j-aj (1617 - 1564) - David Fabricius 
li iJ^Jl ^ jlS" . JJ y 4i>Jb jj tCetus ((^..kip 

jjaJL. 4_jj_*Ul. ^^5^ L. fSs-\ ^ u&LsJl i-Jj-Jl ji) Ja-j jJU 

Nova J-jO*- ^ 4-11 N Ji t J_j j*j>*JI ^ jJ aJjS" ol 

~4*ij>- J>- iflj (*±>- J Jvaif «j5wi Opf) pjfjl ^ai^. JLp ^ 

J**- L* . Lis" ^ybv-l j>. j>-\ J\ UJ t-An.^ 4_aJt of 



. r ,. - ....Jl jt yc^\ ^1 JLUJI ,Jp IJU- Nova lUjJi ^ ^Jo (•) 



Jr>LiJl il_J D 160 

Johannes Kepler « jLS ^JUj^-d <. jLJVl dJULUl (JU OLS" 

L, ^Vl ij&Ii ^ Jij .SlJjl JL» JU, (1630 - 1571) 

.vi^Jl IJla 

<»>i»lj_>Jli i-Sj-S" ^ Lilti. Tjujl*- « ^LS» Ji^N .1604 
-uaJLj ^ NjLjw ti^j-j-j^iB ^ j-ji^j JLif 0L5 .Ophiuchus 
.<jtf jib li 015" ob <jJt ^ j& (J aJI gjf <. i £jlL»1\ <-SjS 

^f- Cj-Ju of J-'IS' j^^i^li iU/ j»j>JI J-^j ^ «A* B J - *-* - ' 

^Ijj^-li .i_tpJu Sjj_J iJLp tUUUJl j*1p jL5 tcJ^Jl IJla ^ 

^jjtt oULfcJ JjLJl j-JLJl 0j& v-ij-- ^IjiJl 01 JIa <>• ji^Vlj . JJ 
Lui of Ji t 0^Jl ^ ^JULiJI SjjLi ^ ^ JSLt, jbj; t i.aiu 
JUJI ^IjJJl jL^ ^ ^al ^1 (^j_£JbJl) ^IjJuJI T^f 

Lie- (ol SJbJi»Jl bi-l ^ L» ji^f k> 

OLS t 1604 fUJl ^ »^» 01 idULUI *ULp lb- *j_J 

N-^^Jl <ii)j JLui .v_J\,£Jl jJLj c*L~J! j-fk -b-M- ^ Lb- 

* 



. 
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K j 

Star Trek : JbJuJI ^U.-„.,,>ll ,JLiJl JU« ol^ \y>-y Ja <jL 
iLi cJjjj 4(Si^Jl il>-j :4 - i^P) IV: The Journey Home 

Sjl>UuJ _ ^Jj LfJ _ Jj JLp J j-mojJI t JUJI ^LU ^L->J J^j 

jJ^5JbJl jJU- Jj^asJl of jJLjj . LiJU ^ cJUaJl tOlJJL. J,-~Jt ^yJl 
0j& of <—>>«jj t, ■» 4 « ^L«^L»[ 

^ 4JLJL JL>-lj ^1 of jJLit Uti . . ^JaJU j^euU '. cJij C-&>w» 



JtsL^J) il—l □ 162 

. .jJUl %99 Jl ^ jl^Ij JLp c^Jj dUUJ, . . ^-w oi j-S^Vl 

.lYTjs^t cJUi lit. 

iJL>w!ja iIjlai :ojJw» ^ c chill ^Jl ( _ r ^JbJL L^JL«jtj _ 

iJLi 0LJ)aL>- ^J^SJuJl o| J_^iJ ^ C-LaJl tjj^Jl { Js-j t .<Jtjo : li p 

. « /IJbJl 

^ jJ^SjuJI Uj_>-^i ti-iLiJl 8.L-..JI *Mj> c~jo cjJls-mJI cJJl 

i_>-f Uju^j .(W t >~> p t lS^ 1 ) p-"*)' u-*^ JL -f iJ U^oj i">L*i UjlkJl 

V <jf oLjjJI ei f) ^^Uj <-jL£) : <w~^Lp <jL>«4*~»L> c ^Jj cJLi c <0 j-i* 

• -U^ 1 c> ^ tU ll 

*J j (_$JUl 1 1604 ^LaJI jjc*~a J>\ c^fol j . ol jLw-Jl ^ oL>J ^la ..7 

«JLJLp jJJUi Jlk>i (JUJl ^ ,1609 i^. ^ .o'ifl (JLJfcJ, 

of boLu oUUil apUw ju, iL&i Ll (1642 - 1564) Galileo Galilei 

t£ J» of ^ |*^f c 4_xaU ^j_>«j oU*»u L^j| ^ t jjjw* t^A*** i c»~J 
Xj-i ol^ i>JLJIpi jbf ^Li t^iljJl ^/j .*i>>**Jl Js^^i 



163 □ iaJts- fj>^ 



V liLJi . J j*>J jviPl ^1 X>>Jj <■ cr* ^ a* ^ * JL ! 4 i-i^-*-^ 
V IjJJLpi *_»Li^l jf LJ jJL. JLij jJLjcS L.Up1 JLit p>^o ijyjl 

Oi 4 JLSUI aUfep^l otf . ij-JLJUi ^ j& ^.Vt of VI 

<**-jj Js*^j oLJ)fl »Uj jujJ jf sL»Jl J**u d--^ 

• t^^Vl ol JA £Sj 0 i L. Jif ^ jf 

L$j| ^f <.<~* ^l^iJl J*i ^ U J£wj tioksA* ,_,» t^l^iJlj 
t-iiiS'l iJjuSJLj Tjl»- <L*jj*» il£>- iwj . £LJi>Jl ^ l^J'ijsfj V ^Ujf 
jUiVl oJl* of *U*JI Ju4 Sj-^l ^>Ljl jUif ijJUIpi 

.ti}Q>l Uj£j cJ 1p ot «jk-jfi oLls? oV Sa>>^ 
^JLL" f^lj .4^ xjuJI ^ ^l>Jl ^Ij^u-I of VI 

Ojj^-T Oj_£U *L-Jp L*Ji*LJi tijJLJLPi L*juL£ jJl 

cOj-£Jl jl>. ^ ^L-Vt 0JL4JI of J\ Jj\ ijUl IJL* JJj tfaj^Jl 

. (LfJlP JuJLiJ ^f 

.ot^u^Jl diUJl .Up ij* Jjlp of toLi^Vl ^ilj ^ o^ 
j^jJI op tSi^-Jl Ujl^j ^ f-^Jl oL Tx*L- iUsp-Vl ^ia Ui 

olS' i^liJl ,jP L. jc~a L.X*i tt 5 yif 5^.j.(iJbJb^i jA i^S^i\j nova 

^f) Sa^Jl ^ of j» p^i a^r-j ,2^^! ^ 01^ lij-i 
^f OLT t JjVl Oi- Ti^. viUiS' ^cu-Jl 0^. oii t (^.l>Jl ojJb 
pju SJi Jju i>-fj ^^^1 j-*!! ^ti ^k- ^ toiljJ of ^ 

. ^-<l jAa jji y _ ^kJi ^ T ^f jf 



J**kJI C„; □ 164 



jJtj J_, toil T-V->- 

( J.LJI J-vaiJl ^ Li") David Fabricius t^j-^J jJLai 1 1596 

a* £jf t/* .Cetus ^-kJi iSj-S t >*-^ 

.^lyuJl JJ U f U 
i^JljJ ojf bjl^^i^a-Jj^ldJULUl (JU JL>U U638 fUJl 
<_i JUkL-i ^JJI ^JjJl ^Ju J L^J (51 - 1618) Holwarda of Franeker 
ijcsnij c-^ j-i£~*}\ ibjljjj^i ^tj . LtLc- 42 JJ ojjcl.. i^jjw^Ji 
^ OUT ibjl^i Of VI .T^f jj-jJiJl J\ ajJ u ^ 4 >JI ^ LsykLU 

LJj--t ^yL; <j£Jj ii^—^Jl ^kJl ^Ju jf ^ Li»- C-fj OLS .Tjuf 

. f ljjJl V I>JU 
jujl-jJI p*Jl dLS" L_Ji. LjjjJ t iJlUT jJa^JI oLS" 
t^cs V ^1 oljU-Jl ijju^ i^JLiJl vlyJl S-*^' Uf .(ycu-JI) 

UJLjf US 4 U* JjVl Uji-if jtfi 
oLS" tibjl^Jj_*i j i^jjjw^Ji ^ja J£ eA»Li ^AJI j»>Jl of JLs 
J-j L»*>-jLl« tSj^ 250 ^J\j->i t^L^l ( _ y ^ait 4> LiJfc APjk-. £jf 
^JUjp-i ^UVl dULUl ,JIp Up jlfcfc J^'ll JS" jJ^kJl ^> 
i-^Ul ,>•) Mira il^i (87 - 1611) Johannes Hevelius i^jJLLa 

.jliJl iJUJuJl oj*J Ujj& (£^r" -tr*^ 

i^jUL^^U^i ^lk4>l dUUJl ,JU Ji>.V 4 1667 f UJl 

t> * Algol i J ^JJI ^-fjt of (81 - 1633) Geminiano Montanari 

o* <Jj-*^i tfUi^Vl i-iU ^» .j-poj tTjgii. 01^ tFerseus ^jL-y 

Life a-fit ap>- gjf 0^ 69 J-J f Up>l J\ jJbJl 

.Jm* ol^. t U=Pl ^f 



165 □ isXiA (">■>• 



John idLjijP Ojj;-! ^U^jJl oliJl Jlp « ,<,^t t 1784 Jj 
( yfUl Delta Ccphci i^-jlli oii*i j^nJI 01 i (86 - 1764) Goodricke 
t 4_p^k- £jf J 4jf ^1 t^lf 5.5 y ijji J j^jCj Otf i^-jtiJ J 

. <*bs-[ ,J»J> Jil»o 
•JL> ,v JuJuJl LJU- 
ofj «u V LfiJt; 01» cLfpjla— «j* Jl T^Jii; ^JxJj • •j**^ p>« ^ 
of U-i tiiUi^ftj .SjJcJI ioUl ^>>*Jl J ••*>*» Lw» jJiSw ^.st (ijU; 

^p ^/C*^ j»i • j«V oils' 1 1 jJLSi j t(_5»ljj U-uLi ol j jCU^Jt 

jXa« y tol yc— Jl J (_iJU j-p 3j>-j Jl jjJSj 0l£ Ji* JS" 

t 1604 ^Ul JUw ^cu~. ^f .11 J jft . J il idLUJl *LAp ^ ^L^i 

• i^rj <>• j^PjJI J* 

J JiVl Jp jf) ^-iljJl J ./-^ *Lsr-* <***Jl ol yC-Jl ^j^J 
0>*-i jU^I dlUJl JU Ji*Li t 1848 (Ul ^ j£Jj .<L> IjA (JUliJ 
i*|J^JIi J T -H c-. (95 - 1823) John Russell Hind iJUjLa J_~.Ij 

0L5" i JULj tool^l Vj^' lOphiuchus iJLJtJl 

,jmjJ: JJULiJl *LJp ^ iii cJlS" ^Lf oliNl ^ J *jf ^ Jo iUl** 

.- J^stfLcll JJLaJLj & *U«Jl 

^f iJ&j tja jaJ Sjji ^f oJL* ^ J .Txf jJtJI J* J tJ Ui;Vl 

4jLuJl Ol j-^Jl J^U- 4_|jLL> Ol j-C~nt injjf jf 4_j*Aj iwiL^I 

olyk ^ ^xhSwl ^-i Jo Jp (1891 <U« L»Jb-f i-a^fTI .^JLp- ^.Ul j ^iJl 
<-»«UJl iJ^Jl ^* jlSj t T. D Anderson io^jJuI .j .01 toJLill ^s- 

uLJUi Tj-.i--. ij^-jJufi cjli^l 4 1901 yJ^/jWLi 21 JJ ^ ^ 
i-S'j-S' ^ ^iljJl yc— Jl IJL> ^^I-lj i^Ui^l <-->-lj j^l «^ Jl jUIp j>j 

. Nova Persei i^jl— ji *i i t^jl— ji 
4Pjia .» ^jf ^i; . \j}k* Juu 015' 0~>- jSwt oij J iO_^-<jJjfl <<L££I 



J**«JI £~l □ 166 



otf JLii tuil/JI jJb jji *3j_^ ^.j .Lil^-i yS'Vl p^Jl £_>lj tVega 

. Oj iJ^J (^JU ^Js> j«7.,„>« ^Ja— >f 
L* iJlAj t ^Ij-PjJj-aJI y,y^\ ifjJl tilUll frUIp t-j^sfli jt N[ 

. JjjLJl ^y |»J <, ol ^« .>>»»Jl ^y jj-*f >~* Ltxf l J-f-< 

L4J ^k- iU-SJl (j-iJ ^y liiLUl frUlc Jl_>-j «, yC.~<Jl JJ OJi>-t 
.5j_ip 2JLi!l iJj_Jl ^ tfl^ll JUJLi L«jj»j tLi>-N ^jL-i j . h1 m>4 

^^Ipj <.lj* 160 000 ^jLmjJ jc~* ^J*-~> «-jipUiJ c ^L;>t iwjf J^U- 
J*AJL> o\S JLiJ .J0JL»- JuIjjlJI jJtll IJL» JS" tiLii _^-if <£JU 

. ^ j>-Vl ol jJcuJl T jiS *SjL* (-jikio c jlicJl il* ^y U»»j 

. v^l yuJL; iUl-.Nl £• t y>- yaJl ^ 

^y ^j^j I <-£y* <L)Ia I t»X** ^wtf jt JUj |»>»liJ iJjifc* Ojj-/» 

(_$f 1916 ^UJI JjJUuj .dJUiJ *j-aJI fj-^M t|*jr»Jl J_p- <2Jj 
^jU- La^JUj ^y Oj-*x~<lj & a*L!^ jiS"f oUbJi Co^^t i a1m> 15 jj y jUj 

t y>4J ^Jl p^JI J- (c^j-^-f olj^iwi Utj-alj) o-jL-j-i 

«Lu*j L|J_^ toL« «JL* of . cSy»«iuJli jf i<JIjj£)Ii ol ^JcJl 

0lj_ij>- 8 (jiJL^Ij iJLP J-!? ^* tUJU JLiT yC».>« JaaJIj JUjJij 

4jj_*Ji Tycu^* 4_^>- ^y' . Aquila i^LiuJli i-S"^ ^y 1 1918 <^>yj 
(^j_*JtJl jJt ^f 1 1.1 _ iJ 4 4Pjk-* ^jt ^1/ -by J . ^jVl 

.tilt" p*di ^ t Sirius oUJl 



167 □ iilti. 



}j*r * l^LJl c.,*. L > T ...»t t ^-if JUjj . *»>-j J&L jgS ^Uf 

jjj) ^jL»j_i jC*~A jJt ^ oU-^f c5j*f t^iJt ^jf 0l£ .ojU^ijl 
^Jitf Otf v UbJl jt . ( js>JI dili JL. jjfcjl IJL*>> ycu- juUJ 
.ejUubl JLp 50 000 <i)fc t-ipLij ^Jj t olJb .Lt Liib 

j>j . T j->c~*» £y*i> ot J_J ^jJj-All c-jLaaJI yc^jt <_dJ» jiy^ (*-> *^ 
*Jl uLUl .»jL«i-il JJ oLJ» J^J* ^iJl iJL>^Ii ^,«.'».>JI t^Jl 

jJ_j 4Jp 4 j^^il jUuiJ'ill J-~*»UJ J* Ll-i Uyu jJ 0[j Jf»* . J jJU* 

j?) i-Sj-* J j-jC~~» jji, 41934 j-^i/ JjVl 0^L* ^ 

• ^ i^UJli jc~a . 1.4 i-JjJl ^ Hercules ( ot ai\ J\ 

£-*Li tJL»JL»- (ja jJtlJ «L>«i jIp ij-f«*f **jJ JJ fjO ^1 13 ilj-J' 
^ i/ ^1 * 13 Vj-* 11 J\ *W (4> ti^j-^Jl Js*^ 

.1949 

OjJjLshi diUJI *UIp JL>-f a*j .Ija ji^f jJt: ^>JI 01 y»UiJl 

19 ^ijb Cygnus |4_!>-1>-jlJIi ~<S£ t J»pJU ^c«»« 

JLJ^f ^^oJ 4oaL^I J--P ~> c«i>-L»-jJli . 1975 ^ j- U <J I 

L-^ 4j^Jj .i-JLiJl Vj-^ 1 ^iJ fj-i s ^-* ^j?^ 4> J ^- i i talk 

^-t jJLJl Otf 4JI y^UiJlj .^.U S^J J^U JkS\ if tiP^ 

. C bp>l £)tf 4^J 

4^lj-iJi o^p ^ L>jj4t OpJif jJl ol yc-Jl «JU Of JU* 



ihU&JI il_J □ 168 



dUUJl ,JIp J_i ja 1885 ^ h„,pf/^T 17 J ly* JjV Jup Andromeda 
of (ify 4_. of j^jJ Ll^i.^^^ oLS" .L. Gully iJUjp . Ji 
. ^iljJl <y ^yry i)j£> M Ji iJb-i>- ^>ci SJL»l£* Jj>- i>**» SjU^I V 
JuLi I. W. Ward ujlj . j • '» ^-^j^ ^i3' ^ ^ J^J 

i^^JjU c~J,fi ^LJVl dULUl ,JU oL& tt/ w^l ciJt^JI L.t 
20 ^ jj& .1.) JjVl 4JJL>LL. cJl^ Si i (1923 - 1851) Ernst Hartwig 

£j_f-.f (tJU ^a*u U5) *J> .Jba>JI j^fJLJ 4iLia£l o"5U) Ji iJL^Jl 
* JUJI . .jj^JB J-jf c V T 31 T^t . r 1iJI ^J&Jl ^ 

L fZj ^1 <i£j-£H v- **** js* 1 *^ cpLiJl tf I- .tpU 
of Ujj . JUu Ui R J ^j>Jl ^* *ljcul tLiU»[ LJtAfU-.l Li y>- ^Ja*j 
JLii t iaJLJL, JI sf^Jli J>«-~*JI ^UJt jIniJI |*jhJl ot£ t^jJjUi 

. S - Andromeda OL*~J f f - S) i*\ > -fl of ^Jl - Si Jas\ 

$ j-^b i yhi ^ »yT ^ kU* g c^j 

Jai^-lj i<j»k*[ iXi I jC~*a ol£ .^f>if <l^> Jbu S^JLp jJI <J^Jl ^Ju 

IJUj. Andromeda Nebula liLJL^Jl of^Jt ^-U»i i^S^I ^ ^...,.>- 

. AJli a>u <mo* 

^ j^IIp i^i J-^- ^ *>j»*J' ^**JLj j»jXJI IJu* iJL*L-L» jZUj 
m{ J**j}\ ^ <_jyJl dJUUil »U1p j«u <«ij^ iJb- Jij . *ju\ J\ ij 

^LJVl dlUJI ^JU t 1611 ^IjJuJl .JL>Ui ^ Jjt 



169 □ ttJti. 



t L»->J ij-J L;L»- jllj (1624 - 1573) Simon Marius i^jijU Oj*jL»i 
o j y«w> <u»if t TjJl»X« LjU^ L«.>> w> - Jj t iiltl* Aiaii |»J i| 

.(liUwi ijUTiUlj Nebula <*iS" j^j) *U-JI 
O^JiJl ^ dUUJl *L-JUJ i-**f jJL-J ^1 i*JUJl f Uj-Vl oJLS" 
fL*-Vl <y «j-J^ «<l„„>L.,.ll of^l j»jJL,i jf V[ .oUUl ^ i j-1p 

*UIp jj 

• a^** jHlif JsJ 

^jj&s diuji jju tJ _ip ^.tdi jjJiJi ^ ouui i)\s 

IJL* ^jlwI a;V Jibplj t(1817 - 1730) Charles Messier i-u^ J jLSi 

*U-JI ^ i^UJl ^Ljj-VI jSL- YjJbj. JU, 1784 fUJl ^ i*f ^ 
« < ft> *^C I* toLJu jLs<> JS" JjUj of <_j ax-pj oils' . oUJu L^jf jiij Jii 

.£J£Cj (J 4if ja jShii Sihij tJOJb- t-JJu tf> ^ju of JJ iJjJbjJl 
*_iyu (l^ 102 ilfJl ^js^ olS) Jj^*- ^ fl~»-Vl t<~~»» 

. (i <~m~*i iUS) l^Jjf Jj>^ 
^ oLS" . <Jj-L>- iaJULmJI ofj-Jl ^Ju»i j_S"i t^ r ..>«i of JL-S"Vl j 

. «M 31» j "UU 4J1 jLiu j-M j SJb-l y I ^joJl 
^ *L*-Jl ^ ii»Jt. i-^L* j-SSti .dUUJl *ULp j»jJlJI I i* ^- Hi 
4J>L pjsJ ja iiiy L^l IjJUIpi Jij c(Sj»«Jt) t^^-JJl uJjjJli ^LJL 

. \mA%*i& L~>\ jjj jJLJ « Tjb> 

. 0 ^bJI jp ( j, ; l./ia'« i£'j>*S obuJlp ol^lai <L<^»Jl «U«Jl JULij 
JLJLijJi <Uj JL-. t 1519 ij— j-ojjjf JJ lj^> JjV UjL»j-i aij 
'JcAfJ. ilSU^w ojl— jJl (1521 - 1480) Ferdinand Magellan io!>UL. 
.jJUJl JOJI^ 1 JtA^ ,y>>Jl l|i> ^ vj^l l*>t 

^ ^ Liuf .dJJU Lj iO^U ^L>w.i OLui^Jl vill; ^oj, 

^L -x ^J jt a j ,**JH \ \» jJL-j ol^ il..>L..»,ti afj^Jl |«jJLw< of ^-*J 



J*>UJi «L_j a 170 



. ?liUU . Cri* £-bJl jt) ^ ^*lsJl o >JI J*>U 
of j-Li JUaJ . 1755 i-L-. t (1804 - 1724) Immanuel Kant iJaJlS' J_JyL<^» 

J* *_aJtlj 1 i_$jLi*Jl iuLajjJl iLtLsoil ^lijJl j^o o _ iL~L~<Jl of ^«Jl j»jJL» 
Ju^ait j->**> ^-s^V ' 0^>-l— • ijAj I j>**}\ jr^. t ^ _j->«j 

^ ^L*i*l ^t |J j^Vl jt M[ .uU; jx^ tlJi* ^ J*** oil 

Uj-iil ^ tiiUJl *L*l*i . ^^Ip Tjlj>- L»Jii» oLS Jui . (j-j&LiJi jJLc- 

.(1742 - 1656) Edmund Halley i JU Ju^i ^Ua^Jl dULUl jjU b\S 

f****. JJ-^ t j^W 0 j£ J*- 9 *"' 5 i £dj^ viiLtJl *UAp jl5 

t I j> j> ^y^- ji&t jS\ iUjf iJailS'i <L>±>£ Ujup jj^Jj . »-»jJL» T 
<3j-» dUi ol_£ tLjij_» p->«Jl of t— >l jr i*iJ Lf** t ^—^i N *- p rj i 

. <s- ly j JLUill frUip OjujU . . JL^-Nl 
dULiJl ,JIp lJO> cJ6 Aju p\ JbJLj NL>- Jit t^y-t S>J of H\ 
. (1827 - 1749) Pierre - Simon De Laplace i^-^ji Oj-~- jLi ^^Jl 
SjIjA) oija il>«— olJb ^ !SS ^>~».*Jl ^IkJl jl 1798 ^yjl Ju* 

J JJLv« ^1 ^L* ^Oi; JLi iiJbJl ^ iJ^LTi dl5) . Jl W-^J 

• (J~^^l 
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(^^LjV) p-fi« ^ tSfLl* 4.1 J.„.„:,<Jl ofj_Jl |*jJL« *.sL»ipI jj 

. (nebular hypothesis) «^«jJlJI w^illj 
Tjl*> <LJL~JI sf^-Jl Uj-SC 4^1^ i^'&Vi 01* li^i 

T UUaJ jV iLJli Luy Jj uJaJlS) ^y> J^i US' Up Tjb>- 

• (* J ^*«J' jJLj "if ^j^S" ^Uai 

. tpL* j| ^1>L> <LJ — Jl st^JI i^JU- pJiUJ t j-1p £-UI 0 ^iJl cbU- 

ti^*Jl £_* J>- ip>J ij^-j ^ J_Ji fjt j-^a-i tiUi ti>**>JuJl 

(67 - 1800) William Parsons ijJ^-jl* fUji ^xJj^l dUiJl (JU >f 
oLj jS Lfu Tjjlp 01 4 1845 ij— ^ Jb-Vj 4 ^jlJI oJLf) L*L>- ULu*l 

oUji cJlS _p US' U*j t 4JjJ 
jJL-j SJ «M 51» >Jl u<u>~ii Jj- 1 ^- ip-jJuJl ^L~?-Nl JL»-t tLji* SjliJ 
p-s-L. j^L oU^j . (JUkbU oJ) *kjJl <-j s ij^S jjUJl *UJt ^*>- ,y 
jij—j ^ OjJ-Uxi <J-LLaJl *Li* i>-fj (Whirlpool Nebula i^ljoJl ^JlJli 

o^i 4-JU»J £_« ^JuJl jjj^sj jlXt^fL ^-^f ^Ull 0 yUl £»j 

T^Jip (1904 - 1829) Isaac Roberts i^^jj JUw>li Jj^i* ijLji 
I^jj*- oL c^LJ^fl {f> tl888 S-i' J^yy^ <y ^js$ 

^J_Jll JL?- Lwt j-r^O jJS't ^la ^j-l* J-^-ij i |»jJLJI IJL* 



JtsUiJl C....S □ 172 



1 1899 fL*Jl J>j . lf~.Lt ol ^JJ Up ^J* of Ji j*lJI jjj^L. 

ofj-Jl jvjJ ~J SaJUcJl *JJ— ^» ^ i-Jl JJi j— J-*LJ> <j\ i,j~Zj->Jji 

. auL> ji 

JjV) ^JL-JI iilJJ Jtj-^JI ^iJaJl j'f iU*t 1899 ^ 4JI ^ 

^ ^ JLp JJU 0* jJl p>«Jl f-jj> ^yajLa*- g*>- d t)f Jsr» <.(iy 

William r Uji Jlk^l r 5 ^ 1 ^ t1909 C^ 1 <A> 

4LJL.JI Stj-Jl ^..i- J viiiU ^ <tf (1910 - 1824) Huggins 



> 

13 




v ) 

<J{ ^>^>r lHi>Jl J*rjj t>" -i->-f <• cr-'UJl £j-~"Vl ^ 

t (u>cJ) f JL»j LiL. L*ia . JaaJU eJlS 1 Ljjf V| i «ji j*>Jl oJL» ^ 
L.XPJ . cJUJl ^ st^l ^^rill *Ujf J LJU-f ^ t jlj^l J>w ^ 
J-**J CJLS" . *L>w ^ j_>-f it ja\ L»» CojXil t jlaJl ilfi ^,1* Li j-it 
i£ 0* i/r* « Jl j p f) J-^ 1 >Jli ^Ijj J- t^&Jl i-ijj 

X ?tJy»Jafr jj£it :cJli 

^ ^JL*Jj; ojfj L*jlpj .dULL^j v_jU«pNI JbJLl ^1 oji :cJli 
^ t/' js* * OV^JI ^ *yry tJuixpf L« nity cJij ojU cjlj_)Jl Jj>- 
J~sijf jj-^ j-jiJI— . jLJl dUbk J_» : ^ JUi . L-yr^-Ji ^.f 
.i^-^JI ei^i *U- ^ .oj-Jkp j^jJI 4\ :JU . J*-f :cii ^j-S 

tiL^Ul ^^Ilp oUa_.j :ii[jL>J oIoLpi J jl Jjjf L. L»ib 
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ji oLJl J* Ot J* .oU-Vl OLoiJI ^UiL-j ^UJl »l oli J\J&j 
OLjjUJt OUJLJI L-t . pJLi jLLl oli oljUiJ, il^-U J* ikjj J-^-i 
jjuj *V viUi t[,x^Vl ^] Libiv ji*>* U AiJ^JI J U*i tOU-Vl 

Jl Ji»jl (> -»Jj . .A^-jJl J OjbjjJl .i* JJuJ ^ ^ ^-UJl J- ^ ot 

^L^l t JUJI i_.LS v>t Jp i_bUJl *Lif cxS 4 iiiL^JJj 

JUL J^ULj c^-iUl jJUJl J A>JUt ^ ^iJl ^j-U 
t^LSJL. ,J>**i* L»5 ULoJ . . iLJ — Jl ot ^Jl ^j-L— t L« J**j 

Jj^r r Li iCjiJ ±*)\ 0 ^31 iJJu .j ^t Jl JjI — Jl J^iJI J o^it 
,y i-jJUj ittL* Ajt ^ dUL* Otf :iL~L-Jl st^Jl ^x- Jp- 

idJUxS' yVl 01* li>L> .tejpy* ^jU- Ijl>- Tjl*j tLi^ iJr*- 51 ^ fj*^' 
fL-^-f j* Tjl^-Ij 4 dLJi !)L. / ^A-) *JLJL-JI stj_Jl ^x-. 0j-& 
x* dLUJI *L*1* >; J OLS U*^J& * JUL 0j£Jl 01 ^t tif)LL» 

. jiyull 0 ydl 

O^L&L. (o"5L>-l* ^L^w. £.) Of Oj^hi i>jj>-T ^-5^* olSj 

fjs* VI ^» U t^LLJI (U>-Vl yL-j if f / ^x-» 01 j 4 <Jk« J Oj&\ 

.0j£Jl jjt J iij* i-f^ **&t JioJ t ^J-Jl ol* Ji* ot Jl 

,y J£J ( _^— : ^xJli j isx*jl ^xJli j«j Jx>Jl jj 

01>JI 0L^ .c^or-j ^Jl ^ tV-j-^ 1 f-^ 1 * & $ ,JL i (Os 2 *^ 1 

ijs^ tSXi Jp oJbf-l ^Jl tjf f / j^xJ iil>y>Jt j>*JI vilL" c^^l 
4L^>*« ^jl-*- fx*; ^1* . UjbJb>J ap^-j jjX *;t c^ttj 
*Sy>- ^t oLi^l 01-i JWL.J . Js*^ ^-s»*J >V ^ 

.lu ^-jji aJI jUlJI >Jl 01 jj^j 



. *Jli J* ^ S ^ £ Jl 0* ^* (*) 



175 □ c ^Ji* i 



ofj_Jl - S ^L. aJI j-Jlfj f r / ^jui j> 1885 cjT J^U ^ 
j->Ju\ t^^Vl sjujlS p-^*> «>• Cluster fu-l>- 6j-& of j^rj-d Jj 

o ^kJ ^JLsoJ LjJ Up3 J-^-id J . t-jlj-iJl ^ iSji 

. (oJLmJI ^jlJIi 

iJ}b *lLj| ^^ILj . ^.xJI dJUi ja Ui ^ <c£3j t^dJl 

. Al<t ^j-J Ait 

Bar- «ijUjU ^>cs .l^J\ o^JJI p>JI jujuJI *JUa ?V ^ 
ijLJUiJlj iL^kj-t L»JU»j) 5-J)-«<9 oljJ— . Cw ^y* *y nard's star 
. ^iJL; VI Ifojj V vUUi (<o jif Alpha Centauri ^-jjJai* 

jL<JJaJl| jf t«C - ^j^ki LjiJti (.^Ju jLJUiJl ^UiJ p>«J JU>4 01 ,_^»- 

iij^vJl p>Jl ^>j\ y^j (1913 tJJL^Jl) Proxima Centauri t<~*iy)\ 
^ lO^iJl ^J—Jli iiS" C-JL !JliUj_TyCL~» ^_~s^f L.JL^ jJtJl JJi 



aJ1 il-J □ 176 



jc~a 4 j{LJI J-^iJl J o^if US' c^k- vi~*- 4 1901 fUJI otf ^ 
iUw. i-MyuJl ^^fj -Ojy J^>- L5Jf ol y cL»Jl JLif n^jL-jii 
^->..l" jjjJl (j-" oyta OJL»j t(|»j»cJl jUfciiM A_->«yj) aJj_>- jUJlj jL-jiJl 

Ajj_*UaJl 4_Pj»J| j^j t<_»jyw ijAjd^Jl «j^aJl <Pj^ OJl£ . JOut* JL*jf jLiJl 

100 ^t^p- J^j ^jl— J 

X> . p-*«Jt Vj-*^ 'J-* 25 s*"^ ^ ^ JL ?*! ^ 

. LnJ^Lo ^j^jLoi y yc*~A j-Lj of i_~»«p 

(j£Jj . 5Jt>-l j i_»L~» ^Js- Lfif jJ ^j-fcliiJl LjiJt ^y* i_jjL-l« l*~»j>- jJLJ JLi 
.^jjiVl Oj& ttiJb UjiSf O^i OjUJi UiLut of Uj 
jjfc t*_Pyk-. £jf ^y ^Ju Ji if ^_S» yCU-Jl ol£ lil t JUJl ojjk ^y 

^/(♦jJL.i T*J^>- iiJbJl ^ If f -S) ^ jJ li| ^ . jl*JI IJla 

. jZ&jj (4*1* Jjuf *jJLmJI dl ^jOU IJL* 0^» 

j&j-J i>»*Jl oi_$i .^Ll* . . fctoJUcJl ^JLJIi OjJoj Oi j-il (U>j 

tUut JjJuJI ^015 .^1 jjjNl IJla Ji* f jL L. ^-J ?jJtJI ^. SJL^Ij 
ol^ ^ _ Si j_icumJI olj ol j-jcu~* jJj_i c < .».•.«.« J I ofj J jiJI 

^ji-JU o^lij jl^jJI ^JLi; JU. ^ js-S'j-r'Vl vdJLUJI .UU Jb-f of 

. o A»<>Jl a>if> |»JLl)i Uailj iSJUmJI 

.(1942 - 1872) Heber Doust Curtis i^jj-S c— jo j-^ai y» oL? 
oL£ . iJUjJlj ili«<f ^s<»ti t oUJJl i— IjJO i-^jjlS'Vl a:L>- f ju 

LJU 
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. 1902 ^vijJl IJla ^ oi jj^jJI SjLp JUj L£li 
^ J>o t^-JJLij col yc >»Jl i—lji ^^U tl910 ^UJI 

ji : JLJI ja Lj j>*a y> ^ jlJI 0 y£ ji\ i-LVl Jb-t OlS" 
^-J ij tj-j-J ^f jjJb *U — !! ^ i*}jA cJl£) tS^Jl ^jl>- [^jlJI] cJlS" 
c't l < — II olj — - j;<w «L_»Jl ^ L-*ij__>-j J_ a>u I . dLIL-'j* 

<Jl IJL* ^ JJ . o ^j>JI Ja>- ^P JUtfjJl JL*i»l LJ5 SJOl^JU jlJlpL c_Ad£& 

0 V Ji LfU-li ^ ^L~>-Vl c~«b Lj> o j>«Jl ^ f J—JI 0 j£ ^fji 
V tSj^^Jl ^jL>- fl>>-Vl Of j->- ,J i j->-^ jf t^yJUl .-o-Ul c-^J 
. U: jf** J>-b jaUm ^ t ^>-L jt JSLij t U y txJ 

-UX*JI tit Ji>-V t^Ji-Jl (_ih>^« Ojjj^oZj n^j^jjjS) jf *i/J 
^ jj J^-i (^Ip j L« LILp ^1 L^JbS' iS\i fj^e- { Js- 

L^Jl jL-JL) LjJj-^J ^yr-jLiJl (ia-s^JI) jLisJl of i^jj-Zt J Iju 
jukj-i ^IjJI .*L^3 p-p ^ cLUoS" a* t( ( > r lJl vjJJIj 
^ ^jL-JLj }L*i ipjj^« ^JL~Jl 01 i^j^S* Jlii . ^jJ-Jl ^ Lf-« aJLp 
ijJL^i tl^i* JU-bJl v-^J i-ij^^ yj"*-" (j of t*L-Jl 

.(wo^aH TjJlc- j-S'f (S^>mJI jlaJI jf 

^ T*^- *juJ| djS Jj^ ^UJI J-JjJI Op idiiS yS\ 01^ lib 

. lag... 1 ( bj jf^t 

. oJLaj IaJLJL^JI of OjS" J 6 ^ *-^*^J 
l^«ta .^fj ^JUJI jS\ lj» ^/ j^JL-I Ol^-^-L-Vl I OA JU- j^ii i>-f ^ 
TjL*if _ jjjjcJI IjJ-J^JiJj L-^r»»-» ^5* cr^' 0^>-L« Juu) 
( j 5 *JLi (JyJl JL-^^Jt ^jk ^/ i^JL-i tO^>-L« ^Uw. *Utu-Lj .(I4J 
SfUi>-l jiS^II j i. 0^»-L« ^jl^- Jl f aJjS' £*rji . SJ 1 

. 4^f< Jj^lb dJULiJl *UIp ^« ^ 
Lfj->5 1£ J> y ^~>«j Jl-uJI <JU ^/ i^JUii 015 li^i 

^f p->*» ^ ^i)^ SfUs>-l »yf dUi ^1 0^1 *J>^-. p»»Jl «i* 0i» iLi/ 
JL2i 4 y C^ M tS <~JL~*Jl ef^«Jl |*jJLm> ^>«J Jl*-f ^ta.v I j^i t (^^^J . j>-T ^jJu^ 
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Js- J.h •■■ N Ji IjUk of .i^-Si y ., M „ J l JLp- ^ oi*j .LS^ 

0>£ 4,^1 p>«Jl 0~» tJ-wVl fJlJl 

. T yc >.>« ol£ L» 

r .JuJ iL^jNl ^ *L±~j d917 r L*Jl ^ TjLipI u^jj^h (U 

^ ol jJLp jl>-j . viUi ^ ol jc*~a jl>»j aIp i iJLJL— Jl sfj*Jl 

j_jP L^JJUtLJL. ^ lJ Jci\ JJLj jjli iJ-*-L" J-£ij ^ CJLS 

. Tjl>- Tjuo iff/ otf lil A^iy ^yu^ ol* L. . ol yuJl 
juLij otf i^pjjj-^i Df J^>- J-> 4 
jLS li| ?i*l>-b Ji [+jhs\ djSs of Oji c^.-^Jl ^Ji «M 'f^ 1 

ol£* ^ N il a^-JjjSi Jl i-^ jj la* of ^ 

tS^Juo ok-. J^b ioi-JI ol ycu-JI ja JiisJI la* JiJ t*U-Jl ^ 

*U~JI ^L. J L. J_T ^ j_/t tpO-Jl »L>JL» jlaLIJ Jjl ol^cu~Jl 

Zjjfy If f I i^JU-l dLS ji Ji_jJ j^i ^ jj til»Lo J&J .U*i»»* 

. jUJf, jUJl <y i^il; iU-, 

tlf f / (H.JL,) J->-b ^ Ol y*~Jl Ol JL->-^l t5 SkjuJl js-JJl d£ 

.iJU* SJi^ljiJlj ^ jtfVl p*Jl alapV ^-l&Jl w j^iJl ImOp ob 

. l^Jl yCL~»» <y J» ^^iUl ^ l^^ll j^Ju 4 U—Li To*j SJ-»o bjfc ofj 
.J» itj-JI S^i uU^t ^L. jjUl >UI i^jj^i 

.•JU«Jl 

?i_->»Jl Jl ^1 iu-J^I oJuLUl lit. 

D ^1 J"iU- oIjiaLL. j^Iji viUi 01^ . jjO. ykj JL»p / of 
Oj-iJl ijlJO j—*^ x^jJl Ot ^1 tciLi £--j>y Oj-^J -Ai t j-i* ^-.LJI 

otj-Jl j»j|JL- ^ ol j*c~~ • >-a.t;.C i^-joj^i V ol^ c|«^' oipl J"^ 
(1946 - 1884) i^L. oL» oU j^ti ^jlJ^J* dJLUJI »U1p Jb4 d\S t iLJL-Jl 
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. ^ykUiJl Ulljja ^ J*J-ij J^* f-^-J' Ju^jj Adriaan van Maanen 

JbJUJi US' t^-LJ ^jSvw T C / t5* <^ljJ.S J- 1 ** t»l*J t-AJL^I <jf 

, ■ t ■ ■■ I j 

■ r 1 

O^So of J' Otjji Li>- > i-t^fl JU» i^L. 01*1 dlS 

i^JL* oL»ij i<j~?jjS) y JS" olS jty olS^lj 

jj* j_* I* ijjj ^ J-^j JLi t ti«j_J (♦-frjiSTj *LJUJI o^jf ^y^o . ^Li^fl 
t_iy- (j-j^l TjLj»tj of Ujj .AiLiiS"! ^ iitUJl IpyJU jlS lil t^>« 
L^. ^f dj£> f>>*U cjf iili* (J* k^Ij-h* ^ 4«J^>-j ii>j& 

Harlow t JW-£ >JjL*i *J»JUT ^Sj^M\ dUiJl AJp jjJ Jb-t oL5 
•jiJU; ^ *^JL. -utjJj) U;^. ^LJl iJb- ^jJl y»j i (1972 - 1885)Shaply 

dJUd I^L-il jLS" .4*^* ^-iljJb ^jJLo jf tt-A*4L«Jl j^P Uwjj 

. Ojjt)l <L.. J L m >«J I *f j+S\ SjSs* ^tj>- jlJ ~K£-yJ> yt i^Lwif 

aJUpL v-^UkpVI JUJlSj ti,jJL» olii J j»jJij 0VU* «^LJi» j 
I»jJlw Oljji J y>- l^jL* olii olJULL* jlio of tO^l t/SrrWl j^i . 
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(i^-Jjj-^ii <L«Li S^tLa Oj?- t 1920 J^f/jl J 26 

^ *jf t jj j^LsJI cUiJl frUip Jii io^L. ^» j^-if olS of 

.iUJu ijy i>e» ColS tUilapfj If^l ^ 

^-Ip jf . Aj^L^U jf iiLc S^lsLJI jLxpI ^SCwJl ^ olS /U^»y 
. *J <_$j_^« jL^ul Oj-^l c<Ji*JU i-JUdJl <cujLi«j n^j^ijjS) 

ti~>»j i-wU Cols' «,jjU oi»i oIjlaLl* iK^pjjjSi c»ijl»ijl« 

. J^aif JbJl*- oU ^ : >-T ,y Jb V olS" . Jjl>JJ Tjb- 

J^L*p ^1 Jaa <jj^: J olS . (1953 - 1889)Edwin Powell Hubble i J^U 
jJLJI J ^JU. JjuVI ^Ij-iJl (jii 2. 5) ^1 100 jJai oT^ ji tJbJj;- 
JL>-f t 1922 ^L*JI t 1919 5jl- JL**i-NI JUi .^^1 cUi ^ 

jj—JI .Jl^ ^ ^Li^l t 1923 j-yjtff/JjVl Odj-il 5 ^ 

<w~fiL«Jl i^jLLj j -Jc*t _j vJyu L^w> A_jf ( y~* t L_*jj i^Iai <*-o_J 
Tj— ix« U**J 36 t-jLi^SI Jii iJjUi olS 1 1924 iLp ^.j . Cepheid variable 
tT^-jC-wt 63 <_a>t,:SI L^S . i^LLii IfL^f 12 i^JL^Jl Tjl>- L^ov»j 
cCoJbJl oI^a«j tiJ-jUi of (ijLi ^4 t J_«i t^j~Jjj5i aaJL^I Lw <Jif 

• tMi ^ * cr*jf a* 6^ 

^ jJl p>«Jt oi» JS of - i^-JjjSi J*i U5 L.U; _ i JjUi Jsp-^ 
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*f f / (^i- 1 — '» of tLfi-i^l ^1 ijjLLJiJl psr«JI j>» ^ «-»V t iLJL*Jl 
viJLUJl jJL-p f Li i^-JljJl .4--Sj-» 750 000 JUu JLp 0j-& 
t 1942 (1960 - 1893) Walter Baad iaL-. ^i\jt - ^l—JVl 

OIJUkLl* CulS" .LwU- (JLaJI f f / I o^£i jLail £^*of 

iui t^-*l>Jl .<_-.L» <LJL>JI sfj_Jl ptJuM oIjja csf t»iL)S 
oLS «f f - Si j_»i~JI of oj . J-?- oji ,y <1L~* c-A 

ofj—Jl ^JL-. Jj_>- Jjl J <y vilUJl *L_JLp cJL*>- ^1 i i— s Jui\ 

ofj_«Ji o <jJLU.ll *l JLp iIjJLxjj 4 i.,-..*g~a\\ C-jj— df -L_*jj 

t (JtLJt ^yi* . j-S^-Ml el»uVl i 1^ ^ - Si ^yL c |<LL>.. .L» »Jl 

SJL-i i ^ t jVt L«f t^lip} iJLi Ojj«l~£> cilUll *UIp jl5^ 

jJt^t) |<LJ «3l it ^Jl i jSfwi iiiiSUJl Ol j -w X ^Jl . . <u)b 

^-j^Uj Ip^k-. Lii^L Si j.«.:...^JI OlS" j->. ^ t^bp^fl 5JL.JLi (100 

Oj£j JLi _ Si j.«.>.»< of U^Jjf : oMUi>-l iili* j>-f • 
olj--<c>«.JI ^ iLU j-j^L*j ^L^>f oL5j i<LJL>JI sfj_Jl i J->-^ 
*L±u«Lt) C ^U ^JLp ^f o (Jj t Jjic I Jb IJL* . ioL*Jl 



cWLiJl iL-J □ 182 



t *L>«.t..,.>« c— J 4i^LsA»,» tA^Jj t«iLJL~JI sf^JI if*** T*}»- jfe (J 
n-jiJVl <y S/t^Jt ,>• ^j-if Ol^ jl* .Sj^lJI till; t\s^\ ^jJu J £A> 

ijJUl olj-^c-JI vULL' ^ ol^JI &£L~> t*jl»— jJ^ ^r^ 1 " 2 jJL;i 

. o >JI el* dlU)l 

.jA> jt J£i> tj-siit JbJl>- JJi <y Jb V dl£ 
(1974 - 1898) Fritz Zwicky tjijj fiji t^r-j-JI viiUJl jJU 
gjkjl olj tif f / S^i ,y Uj->- W i|» f-Si of «»J •^»J* J| J 
4 ^ js^t i-U&j . j -»cu^ <^t o! j^Jt <Ui (j-j^u Jjij ^i»L* 

Iff / ij^At J Jb-lj (Ji-pf cjLJL^I jl2* tvliSoS" ^.Vl jlS lij 

viUL> a* * JUL, .L-J iolp ^ ^Jl r L-*-Vl ^ fcop Jif ^531 
.Lju Jb-lj <-jliiSI JJ t<l)jy Ujjj ti^ip ^5 il t 

»^aJl ^ Lw-i JaUJ oji 1^ - Si j£~a ^Ja— Ji3 . lfiJ>LLt 

i# .(ij^Jl viJUL; ^» Lb- 4;L ^) «f f / c?» 

dLUJi ,JLp jL*i tiJi^j .dUL- jt ;^>*Ji .i* j oI^clw. "a*, g ^ jja 



supernova i^JipVl *0^uJl) j\ (•) 
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jl>-I j L^i* T«x>-lj i j>- Jkzi ofj tol j->** L« ju^jj of 

j-S t nil ol ycu~Jl ^ L«J«,c..« Li>« 1 1934 i^jji f-» — » 
t Virgo (<L-Jl jf) i*ljjL*Jl ^i ^ ol j->Jl [Ij^] jl ~ > " t^* * 3, ^ ff 

^ ^Jipf Tj_*uw. 12 ^>-j . t 1938 fUJI Jj .U^- ^ i>-fj 
t <Pjla_-i £jf ^ jjipf j_»c--« olS . JLisJl tiAJi iiki** I 12 

£»j JLi « ( _ J ^ejjl Oj&t ?jLv>U <L~>«* oJlaLJUJI eJL* jj-^jt 
Sij_j>-j* jJLJ ^1 £s\ j>*+}\ ja (-J jjf tLpU ] jC«~a jL* ^jIp iiiLaJl 

Li?- v_JlLj Lol liUii t k-sa.lL; ol ^>Jl JS" oL»Jl 

oIj-jC—JI syrj-> (Jl-J of tJi*Jl ^1 j-i^i "-rO*^' ^ . ii.sLd»Jl olijll* 
olj-«i-Jl <y Jb>Jl *_»Lt^l t £b-:>Ul ol>Jl ^ (J tdik .^Ji*Jl 
400 ^ oVl j>- dUL»j i^ji JU JLp t i-iU>l ^^kJl 

. ol j>mJI i—aJb i o* ^ >— aJLxS^I c |»Japt ye**** 

tLjj^t ^ OJLA^-i ^1 olyC-~Jl (j^uo jf t«JU ilUJlj (j^i Jf» 
(_$jLp J^i>«<J| j^j . JuStxJU i(J>-f ^^^JaP ol fC~*A 

. Tjl>- Tju*j 015^ _p j jp- t J*ij 

0 .*stfj 

1 1572 (L»JLi ijSLJi t 1054 fUJl Jik-ij IJl*> . ^^Jip ol 

. 1604 ^UD 1 ^c—*j 
. to ^ ^^JiiJl ol j_»c— Jl JL*j—i U j_>-T i 1604 ycUwt oLS^ 
Ij-^LSj (^yLkJl J_JL>cJl jlku) cjLJ&JIj 1 ^j-^Jt ol ^aJI j-j^ JLui 
Ujj_>«-» ^ JULij |J 4 jyjI^aJlj nSji*\J\ (oj^-JbJl) ol_^Jlj t 
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2. 3 J1j_^ Jbw cOMl ^ J-J («f f-Si) iLJL^Jl of^Jl 

Ju> JJ»» c^jVl jl^>y ,»Jkpt yC~* j>JCj 0t JiU ^ c A> 

tJLxJl oJla ^yj . L> J_*j ^ylp 0*-lj j^fUSl L» li[ 0l»T ^ 

^ £■* 1 ^~e\ jc*~a jL>«ijl i-ljjJ ivf j_i JJLUJl *UL*J j-ij^ 

• j-ffe iJUJI iLS" ^ ^-i Jjf jjj* Jlaj : <k>-!>La] 
OLSj .ij^Li bL>w) ykj tU jl>- i~>j-i\ ^ Jj iL^>*» *i tjjip-t 
150 000 ^ ju^. N ,Jipf jyr-jJ SaU-Jl ^ dUiJl *Up 



. 

14 



^ > 

i(*- 3~ *jA di[ Ji) aJjJL* LL>Jf yu\ (^JU ^ptff JLu oi>-f JjL» 

5*1 j — » ij C »1p i — ZjJaJ\ oJ — jjj . ^yL^^Jl ol 1 i '• jLilj 

. iUi! i-Jl-b _ ^^L^i^Ji 

<y yLu »iiJL«f ciS' sT| : c-JL>- S)ij-*JI j^j'J> cJij OJL^J . ^LL^^JI 
ti^iJI ^ c-j^^I ou£J t<JLp ^ cJ^JI ^jJ d\S sl^- t^>*» 

^. JU V OLSj . ^U-JL. aJ^Lm jUJt 4pLm*j 4 iiJtu fUif OjP Sf^voj 
(_,» ^-s<aj <^-t»*J iSj— iLJI ^LiiVl j«5>«-^j cJ lp ^yJlpL-j Ji-JUtf 
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^Js- tjj-jJl C>«.U-* ^1 Ljb J-*a» t»5 ojl^-^o C~JU- ^y^iilji 

. (Lg. ai u _^oj oV L»j O***--^ ti t La ^*-sf ^ jjLJ! 

Jlp »_i-Ldl o/f tJ^Ljl CjJUJl 0>J lillXj*- j\ j± 

(JUIjj tjij j-i^JI ipL^l dUi 0IS (^klli :ci5 . ^^-i 

j-^t ^[ 'J-O^* <>*j oi jf- i| 4 l-i~r aSjJJ c~JU- cJlf U Ulaj 
(_$JlJ| cJjJI ftbtu-L; jj^Jj) Uij t S_Jl£Jl ^ ^-i-v ila>J J5 

. (tl> ^ j^Ssj jj li| _ Lib Ip^ A^sdsf 

jJj_iL^Jl j^i-.L- cCJjJl JbJ^Jl 4pL^ LilaJj .iiixiJl JjJu 

y ij»L^« N jJiLi* ( JLp Jj^asJl oL£«)Hj jt JUL Jb-f jj-^ai Jij 

JUj dJUi tLc* L$>«*.S |*j t^jJl yvi ^ <— ylujl JdjJ» ^P iiUaJl 

OjJU#L» t lalr>«olt IJla i •.i».^Jl Ajt-iaJl cJL>..«l JuJ tja>Jl *j*J ,^Jj . o^o 

V tiiUaM iLiiJl ^>JI ^laJL 

^L«JL»MI oi-toJl ,5^Jl (^jl! !jL«j (fission jUa-UNl iJLiiJl 

.Jb-lj oUjI. jjJUJl jliJl OjS^jj .fusion 
of L£ it^ojJJ oLi>- ^ ^1 Wlp^ iSj^ 

»/*4 ^Oi 11 ^ 1 CS £ i/J .I4AL. Jif i»LW oli ^ji aJjS c^jJUJI 
dll; ^ 4Jb5 jJwsf Ja-j_iJl ^ ^ t^LrJl ^jJ o*j& oL«. : ..,...>Jl of 
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. JjVl *Jly J\ 

'O^i 0* ^ '"J JJj-*J' (j-t U JU <»f (^jJ tiJLilJl ^1 ijLiiJl 

Slj_Jl oJl* . L^Jl».>>.>- ihS )a*jiyZjt j> jl>-j ti-iUJl ^.st JL>- oli 
tj-^Vl j>J jf j-i-^Vl ^ iiU» ^f jjy I^^Uj V t^jk-jll 

• kjXjs 5 30 j 

.1. 00797 ' ji tl-js^jjJL-iJl Slj_J jb-ljJl jv^-^Jl ol 

t-k-jjuJl ^ oli ^ <12_o*>Jl Sl_^J (12) SjJLp bJ)fl oU^lj 
.(<k£JU i-dj^l SJL^JI jjl>«, ^JUI j_* Jx-^juJI |ju»j) 1. 00000 ( UJ 
0. 99968 iisS oli ^ 1 16 _ — ^Vl 5l^_J (16) S^ip c~Jl oL^-Jlj 
oli ^ t 56_JL[JU>Jl SljJ 56 

SjU- >■ ^ t <k£)l ^ iLui JjljJ oJl*) Jx-j-iJl <y 0. 99884 ihS 

. (iiliaJl ^ L-J Lj>*J> L>«j JiU; t ik£J| 
Slj_J 238 UiJLP £JUI oU.>...,>)l of <^ t o>Jl U ^ lilj 
£_JUI ^jkJUl oU^^r-j t-k-^uJl ^ 1. 00021 oli ^» t^JljjJl 
^JUl i-iOJl oL. ; .„,.>j *0. 99983 ik-jju ihS" oli ^ 197 UoJLe 
^ of ^jJ .0. 99910 ihS" oli (107 _ i^ilJ) 107 IjoJIp 

jbJLij t ^j>Jl j^JI ^ iJbS JJVl ojL^L c56_joj^JI ,>*U;Nl 

. Tji jt l-ii jtfVi siui ^ jiVi 

-ui . ^UjJI oli ^ Ji* bJyS" saJLJI ijjJl ol ^jJI ol 
^jjjL^JI ^ LiJ> oLS" tr Lj| jUj^VI ^ JjVl olk^JUl 

c<L^L jjfll ol^j .>-T *^ (To>- SjJw, & tf^lj 

• iSj i/ •js*-^ 1 

t( j5iVl ^^Jl jsjJ jlJLi. <-i)b i'*- : U-}\ «Ia 
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^1 <L r ~.JL L»fcj>«.s^ I i-*> Oj-£j -Jij - lmf ~~5j J-^-i>i -AjJbJl i_aJ)^ 

. ijj Jl Ja— jJl jA JUJbJl oV JJlA JS 

• 4>> jf fj^bj^ 

J*>LiJ -J-^ Oj-£l ,j *.\.j-v> CjL^Sj JLj^IjJS tJ-aJVl iSj^\ 

. <~* Jit ^Ij Jj tJuo^JI ^ iiJjVi pj^il SiL* <y i-i^- 
JLuJl JSj .pJL*%9j t ja^jjas*%90 JI>j N i Oj53l ^Jl ^jjJI 

<jf t jljlj— i ^«JUj t_£^* • 

oVUJl ^ cAJjj^J)!! o^Uo ^L*>w» of il5U Sj_i loLaS 
oli 1*~oj>- ^ Si j_icJl ^Jl o^i t oUj ^£JNl c-pjJ jJj t y>- ^j^Jj . «usUJl 

t^iiin.; I { (ijij_iJl CjUj_JJ jJI) i-JjUJl <^J-^I ,J>t-Jj oUj 
c<iUaJl ^« ij-~S oL«5^ Jj-°*£ <• ^LtJbMl <Uup f JLj of JUtJ . aJLojJI 
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^JUI JJUJI jJLSJl ^ oliaJl ^ Jjjj ^lu^li t li£ftj 

^ ISL_i .^l£^fl cjLkJI ^ J-tdU /LJijJL- jju. lift jl* 

t ^k- ^ oL££>- lit L.f . jjj^ ^ t <i yJl ijjp- ^ 4jI U 

.Ljilj^l i^-ji ^ ik»»Jl iljjl ojljP- toJlft jUl Sjlj3-J .JLcJWI; 

".JiVl 

JIjcJI iJLJL»» ^ t ^j-Ia ^1 j-^-jjJUfil ^$-a> Lvi c**b Uj 

. iiUJl ^ %*U Tjlaa* 

P_Jl^JI (jy j $ ./i~> Lj. t . vj l iiLLj JiJjxi t£ *k*~J>j 

Tj yft\ ^L«JlJVI <JUP ^4 ^jL^Jl ^-~V<L> tpJl^ll ^L«Jjl t-i -J> 1«J_XP 

dUi ^ p% .{jJjt-j&jjda* JjVl ^-L-JUVI UJji jJI Siyi (1/5) 

«0| JUL* h-iLlp J5JL< qj jla* i>-l> tpJL^J! ^L«JLj| ^ i|^>c3l jt 



jj d~*u *JoJl y> ^ iJLjJl ojl*j Uljjfi fy&l c//*^ 

f>* Ji ^J^iS *J~* ^ <-*^&> ^J-^ 1 £dJ^ <j fi* *fl **** 

JLi L-» j-jSS^ &Lk^\j -uli ojl^- ^iJ Jij . ^^UlJJl JL*. 

Oj-£JU ^1 Os s f*~^^ , J ^j-ij^ 1 L*Jiip t L ..., » .Ji ^ *i^d 

jki^ ^tXa N J^JbJl oV tt-V U** 11 '-^fy 5 * J*4*JI JUp ^SJj 

^ <Jwi i(3^L«P |«j>«j i-jiLs^- SLWj Cm j_-i^J ^j--f »_»L->«jNl I -La 

. ^ jJt jLUj xit jJb Sji 4 iLU ^L.f jt ^UV j*>«JI 
.supernova iJa^Vl j * r ..~». ) li :«-U *>>~A\ jj 
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*Uai)l J |U«^Vl tfy, ^JipVl yC~J) pUJl jUijVl vJii 

SjJj^uJl iiUaJl oV t JbJL^Jl J*- jS\ <£^Jl oJLa ^Juu . 

. JjJ>Jl <£y <y Lj3iU<aj U oJLiti 0->«j Sjill ^ 
jJl 4_JUlAJI p_jiJl <LiiJl ^jjjl oU5 (JipVl yc^Jl ^ 

.i-^UJl 4_i^ ^ I^ju (^l. I - .,., , ,,, ^ ) aJL&JI ^jJl oJla Ji. JLp 

oJLa jl>u 1*5 

y> e JjJ>Jl (V Jk,c pi. (^JJl t ^iujl jJkpVl y£~~J>\ jf N| 

zyJ c-JJ Jl jf cjJw JjjJjj f~ J[ tUJ&l ^jJl 

t^jJkJi ol j -o^Jl dUL; Jjl.. ol5 ISJ U iLax* J*Li jJj . ,yr-jUJl 
.L.j^p o^l^ Uj^ jJl iJLSJJl ^jJl oU5 

^ la g-f ^_»CU~« 400 y->i> C~<J tj-;>-Vl Oj-iJl J")L>- 

J\ Lf ^-^\ ol ^c~Jl o-La ^-Ji; o^-J (I^iUJI *Uic ^JU» *^J_ 1604 

.II ^ij^jJlj I ^ij^jJl oLtt^J tjjj-ii 
^Juj Jj {y>- ^Ja .II ^Sj-mJI Lpjk-. JLif ^1 1 ^ij^Jl J-^j 
2. 5 tl ^ij^Jl ^a-w ^rt t jUl* JiUj LPjk— II ^ij^Jl 

. ^ ..,< » .t tJ l ^jia^ o yt jUU 
Oj^iJl a*!jL«jJI of Li^jaV t JL;>-jJl JjUJl ja IIa olS" 

»^>>~ijl ^*-<<»Vl p^Jl Olj 4I j>« ^ola ^ olj*i«~* £^<aJ 

i_*jSf ^ c^Vl II ^>j-uJl Jl^-Ij-^i L. LJLp tJUJl J-jj-. JU^ 
viDiSj cjUJIj 0I3UJI ^ lj~S &\£ja J*iJL o^ ciJ^Jl ol^^Jl 
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.o JS £}\ ik£Jl olS i*i**a)l f>^' 

dk y> ij-f/Jl jtUJl ,y diilS Jb-lj_S ai wiJjill ol^>Jl ipjif ^ 
^ .jUJIj jLJJl y> J-JUJI o-^ c4->JLU>fl ol^Jl <y U5 col^Jl 

|^>o- oil_»Jl ^ 0^&S tjLjJlj jUJl i_Jl>Jl jtLuJl eJL» JJLt 

II ^ij_^Jl { j*ie**ii\ olj-<C~»*Jl jJLj wL^jJIj^ .\j>j*S> Jj&w 

I ^Sj-oJl ^ok oi l Ol j<C~ » J l (l)t jj;?- <y c4_»}Up J^t***' (>* ^J-^ 

LfcJa>*j JLaj (I ^olaull Ol yC~**Jl Of jAj t Utftjf oJIj JjjU i*j 

^ Of ^ U,f JS^ II ^ ^1 ol^l 

j_^Vl jUJJVLi .Sj-^31 p^JI iijJL- ^ jS\ Njl^. S^J^I p>»JI iJ^Ju- 

0L» ^— Of c^jla ..ill ,y JjL^aiJl -k»jj £-*J-*J' <~i£ ^ 

ol j -«.*.-..i»Jl Jl>- I_«j> jju«f fj-^ g*"-' cl ^Sj—w ^obnll Ol jt£~~*}\ 
^ob «ll oIj_»cUmJI 0_j-& ISLJ tJUJl «j_A .II ( _ f «Ja_«Jl 

?II i ^*la*l\ Ol J I j» !y 2. 5 -> IpjJa-* ^iSt I 

p_»»Jl ^ c>**ll j_5^ Tjujip j_iSt SjJfc^oJl p>»Jl* -cSv^ 

oLu IS} I ^/J^Jl ol j_jcu~JI jJlp dj£> of <_,JkJlj J^>*dj . ojj^JI 

oj ..*,«,; L «jj c II ^ij— *J ^«Ja«Jl olj^cU~«Jl ^Jlp ^ j— ^f 1 5 j .>«w> fJ^** <_** 
.t^yjl *>-j ^^Ip OIjjL-x* Ol^-i^Jli lidUJ^ jj-J j-»Vl .(-iU^f 

OV t J — J_?- w ^ob ni l olj-C-~*U (j-^-ij — ^Jl c5 iJf» ^ 

Aj>-jUJl aaUL* 0i» 4Juo>JIj Jam <uli 0^ jjj .(3%^ j^>«J ^Sj^ U 

4 -*P a — ' jjiJ ^1 iilkJl <U>-UJL»I jJj_ji (_$Jl)I Jj^-jjJLjj^JIj i_J^ ^iJ 

O^J^-^Jl Ji« j-^liP J-; 4 V ( j s a»-jj. L g flJ jjf cl ^ij-»Jl <-fJ» L»f 

!*LiJl ^IjiVl j* lJL*j. Jaii Oj-Jlj j-^—S^llj 

oJU ^ ? >>«il4 (j^jjf SjLp I ^>j-J jJapVl yu»Jl OjS^ J4» 
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ja JaSi iJftl oV Ja I Lf J**i\ ol^i^Jl ijip 0j& liU t JUJI 

?II ^ij^Jl iJip 0>s L» Jl I £i>*Jl aJL* J*Laij t -r j>iJ *LiJl fl>iVl 
IJL> J Lbl— Jit ,Jt f ju»f yjua liLJj J, ?:LJiVl V ISLJj 

JUJLi fJo^ J*Lij LfPjlt— ofj jl jil-^l 4jIp o^4lw* »UxJI fljiVl of JlLJI 

? jj-iJ ^f dj* j^j c Jl ol jLJU ^ju J* 

^Jj) olj-^JI Jl i>Jl j, J_iL~Jl o Jl* Jju j^j j_aJ 
jf 100 000 tfjutf V SjJi, ^k-i olyc v** J-. ol^cu-JI 

. ( tr -*jJl £jk- IjA 150 000 
JJUJ of jSUj ta JiJl ol^-<c. ,.11 TiJiP ^f ol «JL* 

. dJUS ^1 LOS JUJI J ^^Ls cJltf r * ^L^Nl <*i J U>- 
L|*jit— Xjuj J-J tij-.JjJl v_JUJl iJLJL. J i_oU p^i^ >u Lf^Oj 
4^51^1 Jj . J*a#- jJ UJ niAJJJ a>wj ^ L U» jli; £• Uij 4 Jju«*JI 

. « ja s*j % ja j* ^~a Jl Jj>*j of jj^l*" (*>»J 
(j _Sjj .cj J^.i i^j-s-f dili jJLp Jb-N U954 f UJI J jSJ, 
D Q i^UsJI DQi j->-~\ JJL U^*J Of Merle F. Walker 
LiJ> tLjlLJ U*J UJi»Jl J otf *1934 ii- yCL-Jl jj> j'j* Hercules 

• '^ij* a—^Jl •*>■ Jl o-j^* js*** 
tU*^ ^Ja-.Vl otf .«Jyuj (j-^j^Jl ja JS a**** t^f >-Jb jj 

r of Jb !«>rff '(^Vl ^1 U r<^J\ ^-iUcJt aJL. J ^ 
i yc~Jl I+>^jLj J cjja ^Jl p^>Jl Ti-»* of jIj cviUi xo*.; 

.^^ijf ^ji U>o>-f to^UJI j-* Jj i>-jiy Ltj>J oils' 

t^JJl j_» j^)!! ^ ^yxJiS ^\ of 4 j>Jl Jp dJLUJl .Up jyj 

jj jAj f. jJl t-.iLw.jl iLJL- ji j> o^Lp JULL; <jjl\ j c yC^JI j^k; yt 

. b^-joj JJ 1 4-~iJ j> yC~~«Jl jJLj liU ^-oij Lw< t ^S"ij oljJcj 

■ /-'J l cij>^ toaU JLvffji ijJUi t^^a-Vl ^Ji3l L.I 

: JUI ^* J.**. ^JJI 0L dUUJl *UIp ^1 U OIp^ .^f ^ jS3j 
UlSj ^jj i^jJ**- tA-^J^Jl v_JUJl iJLJL. J {js**^. ^ 
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j»>oJli ^jJLJLj «. 4_Jl» ^ jj^-jjJL^iJ TiLjLi— I Oj^j (v>*Jt olS 

. (j^a-jf ^ji j^>-Vl Jfo^jJl i_jL~»«Aj tTjjS^fj . LaJ 4jL>- j^aoj ^UIjj 
i^UI tv-JUJl 4_..>.>.j )\ iLJlJl j^Jl j>-L tdUi JOuj 

accretion i^L^Jl ^j** jf) _>lJ-» ,j vl^D 'j^Vl ^1 jl^- ^1 aJsU 
* t/*^' ^ ^yi^j U jUJl (>• £**>*i L«Xpj . f <J (disk 

. ^jiJl ^^1*. jl^J 

(^Jl dJUbJ li}L>- t-jj-^ai '^r^rf^ fj-* ^»-" t/^l ik£Jlj 

oNL jS\ t*>»k-. ^^Lp (jAjVI i-fiU- Sj» d)J c^ilp f*» ^bum ^Js- 

. ^«Ji^i . SJbJuiJl 4>Ja** ijjib"- oti»j t ^pijVl 

Jbu 5^. IJl* jjScj M t ^-JaJ^j . <^Ui jf oy 100 000 5^ ^LiJl ^ IkJl 

.^-^iJl ^ S^. 1. 44 ^ JU>- jt jSU, N fjJiJl ibS" of ^1 

Sub- « jLiojljjjLiJ oLJL»> I yy^\ jJjJI ^-UfJI vULUJi jJU IJla c~Jf JiJ 

3jJLj>-i iLiiUl oJL_» ^ « Jj 1 1931 i-Jwx rahmanyan Chandrasekhar 

jUajjl JUu tftLjj-jiJl ^ J_»jJ oj_JL>- jL^jljJjL-iJi JU) ijLiwjljJULiJ 

. (!^Ui JLp _ 1983 . 
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jL>«jijl jf US' .j^>_ jS\ ~*k£ oli p>o i>jUl c II ^olaoll 
. (3%*P J-* ^j— 1 ' J*J cT^J 4 

oJLjju jf 3i_yiu L«j>«J j^_SsJ ^1 * U a. ; J l ^IjJVU . IflS _/>iJ "V *Ua-Jt 
oLi j JU*Jl tSirius - B «B _ i_JUJl ^^Vl fj^LS) 

oJL-ju (^L_~«JjJl i_jJL»cJl iLJLJl Sirius - A «A_ i_Jl_*Jl 
ijJL?- Ja >cJ I i_»U*Jl ^ > -5 J t 4_i«jJLjc« jf 

^ij^J ^ob wll Ol j.<.'. . . . >-» Jl ^LipJ (*-k~> V < js>- J 1 1 < _j>o Jp I 

i-jijiJl S^jhuJl J cl (Japf yc— « jli tl983 o\jty>- J 

jJLp cjLI^I t 1984 Jij .ciN JJ^ Ul»L*» jlSj 4 «M - 83» t L~J 
JUJbJl <a\j TjliT dames R. Graham «^UI jp . j ^^SUi 

Jp L-Jj^ jj& N JLi I ^ij^I (Ja_pVl j.tX.~Jl jf «^L»I jPi J IJL»j 
Oil* JjVl ojki t-ipLij wJOJU^ J\ Tjbf g«JUJ jl£ li^i <( 3!5U»^t 

Jjju V ^Lwpxj 1 5_JLk»Jl oJl* J 4jiU pit** Jj~j t <UjU Ol jaJI 

t^L^JU^I £»j JLii niJUi Tjl>- JJLaJl j— vlw 

. . OjJLi jlSj tJbJbJl 

ol_^) 56. juji^JI ^JCJ N ^j_a3l J SaUI jf ^ilj .^UjuVI 

27 oli J[ J_, ('Uj^j-J 30 j 26 ,> j;^- 

L»5 _ 56 _ JbJbJl J ^j^oiJlj ii>Jl oL~~>Jl ikS jf J5»- ^yii 
i-^J\ s^l-^.....>Jl ibS jLi i0. 99884 : Jl_iJl IJL* J o^—if jf 
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i_»lkJl & SJL-jAjJl LgSS\j .0. 99977 ^56. oJl_^LII J j-^lj 

<>• jlJ-^Nl jf i_JI iJl ja ^ 56. oJl^JUl J <-J\S$\ 

U- Jjb- Jjcjc J\ 56-cJL^Jl 

.56-cJL^Jl 
.L*-*>- ijl^Jl Os 5 !^ a** 0 0^** ^ t>^> 

£• j^Jj-J j-^ 3^* J^J 4 *^ ^1 • ^ * OjSo 

t$f - 0j ^j— J SaLj-jj t -X^-lj j j-jjjj \ j t ^ l\y i 56 _ cJL»_^ 
^ j*>*J' iSy^** J— £_JL*Jl j-jcJl lJL>j . 56 _ -L_> J_>- SljJ tjUa^-L; 
ol ^jc~JI ^ JUkL-U (^JJI ^la_Jl iiLW jJjj ^Jdl j_» t 56_o\^-£5l 

.1 ( _ 5 Ji*il 
f^l ^Vl la* ^JJ JJj ^ Ja 
V JLi cJLjjai ,^-SVl & ilyJJ (UJI ^-UjljVI Of £%i ..Jsrf 
UjJU" j!^f 56_cJL^)l cbU^I of iS J iobjO(M 0i>J o- j^f 
^UJ1>I J^U>«^VI OL* bp . Ly_j 77 ^yUJl ^ il t 

£jkJl IJL» 0i» tl £>j-*J < _^*JauJi Ol yC»Jl Jj^ y» 56-oJIjj£1J 

^ .L.U; ^Uwi^l JjU; oLi tftl&Nl i^Uu J*Uio t dJLi V> ^j— 

.56-cJL^Jl Jjs- oVU^Vl jj*o U. 4 L.ji 
<Lu ^ OUIL j^Ji^l ol ^c~Jl ^yr-i^w Of tO^l t|**PL* 

oIj-jC—J! i>jLJl *bj-Jl c_jjjti)lj <JL*^uJl ^LJjjj^Ji ^>«Jl J^->-b 
oljUuLVl J-*Ju ijiA >^ Ju5 ^. iyt.iu jik; Ifi^j JI ^^JmJI 

.1 ^>>«j <^**^ ol j*c~~Jd <Jl^JI 
L»jj_i^v<»j ^jVl »-Ji ^ jLy* ^jLJI juxjJI »< Of I i-* 

^Ijjf p_j ob Iij->-j-« 0L£ _ Lsijl ( v r >»j Lu^ ^1 jf -<;■•*« i« "fl 

.Oj>wul 



> 
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X-fw t IJL* Lij-e- ^UJl J-^iJl jJL» 0» : iks-M.] 

c JbL. duJU>- «C vlli» <J-~0 Jt>- C>jl» JL2i iJi>Jl <>~»J> 

•jUJL; c *«.m» Ji iLifi jSJcil) ^^L-jt c~>-jj ^jjjl <i«4«j pJL 

. JUJU ^Ll y J!A>. t dLi tdliS Otf . JjVl 5^U SiUJl 
il937 J-^/OL-J 3JL* <y John D. Clark .a j^i 

. L^S' i-Lf. U>-fj tt > ...« „* > l l ^UaJl J>-ta UiJL* tSiLsA* lilt <Ji}y fjP* 

. f>fiJl{ (^JL^p Jjf villi 015 
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jr* Jli, iJU* 015 toloJL iUJl Jj t 1937 UM h„.pt/ v T ^ ^ 

^ L_ •» <_jlj_^e- t R. D. Swisher j^—JLj^— .j .j» ( JLi_ ! i^L^j*- 

t^t) robot Jfj-.^ 1 0* cr*-*** 1939 ^ ofjb UjUp JiSU, 
a* j^V" <-**-*Jsijji* *J?^y.j* cJapf 4(<J^' oLJ)fl 

.*Ui>l i^JJIj *JJb«Jl «VJ^>I **oVli 
?Lb- o^UaJI SiLJl ii ye* otjb ^ t^j&j 
. 1928 r Ul bjjJl ^ U Jb N JIa J*-f ^ 

tr-jj-* i>L-ijat Jj-4» c/^-J-r- 51 cA-ij-^ 1 d928 i_J- 
Jb4 t bjj-&y\ ^-.jJb (1984 - 1902) Paul Adrien Maurice Dirac ilH^ai 

. jjo^Jl otf 

LjJL^Uj ^-s^j ^1 t o.-xJl oL>-j_Jl 1£JL5L« idiljjii ^JL>fcL-l 
JJ (1961 - 1887) Erwin Schrodinger ( jJJ^ jjjjJi ^jL^Jl Jljj}\ 
<^j> J-J ilycJl O^j^J^I a*U» of <Up *Uit Jury tdUi ^ ^- - 
•Ju» J t'UjJ, ^aUJI o>>£J>l Ji~ ol^^-jJI jJ^Jlj .iJL. jt 

?(i.%JI Ml ^ t£,l~JI) c_JUl ^1 Ji*, liU t JUJI 
iJUl of <>l jJiNl tdJi ,>. £»*JU Jf-Vl ii>Jl oil* 

J-Jiie ol^ liitj-iii of ^1 . l$J LoUj-J V w <«.;Ja-HA« v^Lj ipl^ ^ 

. ^UaX-l oi 4 t yXt aUoJ 
^S*>- <^~>- t iiUJt CjLjJL^a & j-*u {jA O of j£$ 

4-& J -1 JS £ hjs- j*J\ li* Jjy ot> toLijj^J^lj iJLJl obji—Jl 
i >V jt <_1 (UUtll ^ ^»*JI ^ oU^j^I Jb-f v.....*! bp 

s<a.* t ij>-^Jl iiUaJl oLjl— • ^ Jb-tj ,y j£L**J t C^^ 9 " C?* 1 ^ 

^ .*LJUJI 4iJf LJU, ^Ul ^UJI "ojj-^J>fl ^. £>JI dUi UjjiP 
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^»J-> Si OjSj ^ i-JLj^S' 4Ji>Ji Ojj^J^J of U-i JJLSokj 
of L«jj . ^ iiLtOA ibw li 0j&> of j-* jJjxJI twJiLJ Jb t y*Jl 

i-jlLj-jS" ii>w ji 4jf ji U£ t-i^ai of v_Jii)l l Js> oi» 4*JL- 

j_» . «antielectron» laLiJl Ojjj£l)fli jf tt-Jall j^ljiJl ^Li^l 

jf iLiJl t ^uJ ^1 a_JUj_JI iJKJl ^ anti i_bUlj tOjj-^J^fl 
^yljjuJl g-Ld)!! t^f u^ljjVl gL^i t-r% ''•*-•< •^•j-P* oLS .(^^-iJl 
^Isil V ol ^sijJl fL; L^-^lj IjOj oUaJl Ojj^bUj Ojj^JpAJ 

•>>-Vl Oja Uf^» Jb-lj 

oUjjj^J)fl ^ J*t-~» j^>-j JU. Jjl; Sjlil ^af ojj <>• toUj^^l 
^ tSjJ n_J5 ^ oiUJl of Oji ^ ^JIjJl lif; LJL- li^i ifoLaJl 

,y JLp-Ij £JL of tjil^r-Jl 4-Ju £-* oUjj^J^I JU»f JlJjJ ^jJ t JL%Jl 

\Saj Jju»- j^jJI j-wwai ^ — >- iLsiJl 0jj^3)lt ol lill^i 

<J1 tiilj-OI C$1) i^LJi ^1 . oVl (^s- AiiUaj jj Tjb-f of t^u-Jl j* 

. mutual annihilation iJaLuJI *LiJli 4t$>^f ^^^i c^f 'tr^^ cr^l> 
^Jl iilkll n5j_>-f Sy t oLw~>JI of yx| tdsLuJl *LUI ^ 
(Jit^ri of J^^-r*Jl *^uJl oi» t ^UIjj . OrTj^' ^1 ^ 

.U. jf t iJU i^y- 
jo- a_2i iJaJu (^s*-*-*- Tj—sflii* oLS" iJlJUT <-ijj_<cJl of L»jj 
Jjf J«L~Jj cL)U«j| 0j->^Lt Ojjjj-Jlj lJ->- 0j->«-1* jjj^J^I of liil^ii 
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oUjj^JJII O^f a> of J^JI ^ jju % idjj&y\ &S & Ija 1836 _, 

<k£ 1836 JiU; ibS" li Li 1 jJjj .-i^, t 5JJ II iilkJl ^ &y~A £jU 

•iU* Ojfc oi ^aJi ^'Ust of ,>i>Nl jkJl & J, taj>Ji j^Jl 

i^-i of ^« tiJ 1 - Ojj&y\ <c>^i of U-i JiSokj 

iili i^JSj t 4_JUl IJL» i^Ji of VI i-Jtj^Jl aL ** JI <jjj=&yi 

. j-iijL-Lt Uj^j of (-~>o ti-^Jl 
. iJLJl 0 j UUj i jL*. Vrj-J 1 0V 
iUJI Oj>£T>/l oj^. Ji2i . Uuf ^ jJio of II* 
V iJI^-Vl J&j ufaU, flb*, li Ujj jf cOj>^J>l 
£jj oyjjJUj .0jjs£!>l ifcfl L.U5 ojL- tbUJI 4bS3l jf iJb£JI ofj 
.U£Jl J L.UJ ^ib^u. tolJJL Ojj^J^I ikS" 
OjjJ&yi 0j-& Of j-c^" idUi J[ 

Vj .amU* ojjx^l ^f £. JiLu *bi Jl JUJI J of, aUJl 
JjL> *Ljj ^f \3*£>\ Vj t jl jc~H\ ^ jju OjJjjJl of 

.ij^. i>*J; £• 0j>£))fl ikS JiU ik* ji j*,^ J, ^fc^ 
t LL^i iJ^^JLJI oUj^^fl oJL* ^ Lf JuLij jj To^f 0i» diJi ^ 
aii .i-*Slj j-p t icu^ lillji^i oU-l j&\ Of *ULJI (Ji*- <^fj 
oU^Lp Jp Lj^ ^ *c5>-; J^-j oLu*»J 0>ii 
Jko- a_. V 0L5 t i^LJl oIjl*UuJI ja^' Of . 

.i . tOs-lii :01>ip c->« c-iL. J iiilji.ii pjAAA 

n <£jt*y-£\ *-»^»JI 0L* tOjkJ *Uj J LiC^. liJljpi 01^ L»xp 



•r^^ 1 - ^^J" of -f*ab ^UjJi y,ui c^-jjej* 4-j <•) 
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Robert Andrews Millikan «oL£JL. jjjJLjf o^jjjj ^j-^Vl ^Lj^-AJl 
^jit L«it ^ t Vkrf* oU V «>• &y (1953 - 1868) 

f^j-f-f 4 jj>-T .UL* ^U-iJ LjjVj-* J'jkt ^ ^r-sait 

Arthur Holly Compton T ; .ij,.<r <Jj— * j— oil jSj_--»Vl t yL_»j_ 5 i!l 
<Jj--»«JLJ1j ijuj-Jl iJUi)l ol....,...>]l ^ TjLJ L^j-S" Js- (1962 - 1892). 
.(twU-j Us TjLail ijj^S'* ^vail oil :tiU. *^jUJI iiyf ^P) .Lil^ 
-L-JLi J jLi'j _ « jL£JL.» ju4 oLS" t ^ ju>*JI JjuJI J'iL*. 

<«JtVl J-frU; J^Ul ^jJU ( - 1905) Carl David Anderson ij^-jJUt 

OljUl £j ^JU ciJUl iiUaJl Ob iJ^ 1 i*iVU .^jVl j*- iJ^I 

y LftU*l tj ^iJl jSUJl ^ Ijuj .L|llj iJjVl iJj&l -U-ftVl l^i 
b[ L. jijjfcjl ^ tl^bll J[ oL5ai i^i ^ c^-Ul oLwJl 

^ ... i a J-k * Jixj ii»U»4 oL* iijfi »jj-jJUf» tdUi J*4 

iwLjl oljUJl O-s-) iuUaJl ii^Jl J/iJ ^1 oU»».>)li £Jl 

cSj-aS' Jk^J (ions icAyjfi jt) iJj>*JLi ol ji ^ UliLi jjy t (*UJl £• 

. Ol ^JaiJl J* jJb 

J5»JI J*L otj ^ V (ol >i3l J»^i>- JbJLj) l^Jl jU. o^i 
^j-*- t«U«;L> { J*£± i~r_^Jl v..».>*Jl & (»-*~>Jl jL**i . ^Ja-JcJl 
oibjl LJ^j . (j-S'U* *L>^L t LJl- o_j»»juJI j»--«^JI jl— «• ^^^w 

.♦b^wVl J*U«; t<L^ o^-Sj (»->-«>JI 
i-ijSai ouiVl ^lok^l o»jUI oLwJl Of cIJla J JillJlj 

,_,» c jJL« 6 ^jilJS' (j^L^ ^Jl ^-jJ **jMI • j^ill <SI j i Ujl* 
LfiLl* J** Ljij^J ii^JLlL ^jlLa ^1 oU,,„.> > IU .oUiJl ^yjl jS"^. 
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iPj— JiL ^>«i» tiiliaJl dDu *j ^jAj N U—i Lj^Jj tSJUJl 

.L. 

of jJ ^j&j .i-JLjJl i_f>JI ^ »L>»JMl ilijLi ip^Jl otl»lo ti-ws^UtfjJl 
IJL* ^yj . ^U^JI «L>jNI ^ ejb*Jl Oj& jt ttjj^Jl ol£ j^~>Ji 

cAjjli U jf iJUJl <y jUUt J"iUo . Jlj_pl ^i^*- iUiJl OjjX&Nl 

LpUJi tJiL-iJl *Li)l Oj-£J t y-T Ojj^&k A&dMl {y> *i Jj V 

JU L*5 t 1933 JL. ^LijsiU J-yJ SjJU- «iM JU 4 jjJ6\ Js>j 

. 1936 iliU«» SjjU- to jJLifi 

<uU JjkJ \,«,.^"JI ojl* oV - oH\ c-^S" U5 _ TiUi* Uj j^J[ 

. ^>Jl Xa <wl ^ytff ^i3l Positron iOjj^j^»» ^lks<iJl ^Lai 

c J «- ron» i-i»!)Ul o| ^ .negatron jLlj^LiJi «uJJ ojj^lNl 

Ojjj-» ^ U5 t ( -on) lOjfl tijiJl Oji oU--->Jl }Uj jd\ 

J* b^f . ^Jl Dj^JIj-pj OjJyj djt>j dj-Aj dj^j Ojj^j OjjsAj 

4-,,<,.,Jj IJla iUip^ 1947 tiijU-. o y 1^*1^)1 ^ij .Positon 
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%ij oLii If&ij w negaton sjyliJj ^-.L ojj£ty\ 
^ylf! Jx-ij lOjsijjitj <>«.»~ r Jl ojuxpI tjj-sJl JUi 

j-jfc C*>«J *L»ip LaLUj ikjAica oLw t i^ Jt J%^*JI <j^J -J5*-^ jJjIS j;* 

*iDi cMurray Gell - Mann «jL._J^»- .L« 
Jl-5J .oU^JjjJl ^_aI>- ^1 v-L-Vl oU.^.,.-JJ quark t^JjSt ^JJl ^1 
N <LJj t4_»l£; ^ Jli V IJla jgij (Finnegans Wake) SJU^i ^ 4fc.il 

. (i«Ui : iJUJVL JJJ jijl j *S"j iJ5 of <-iyu 

JJ»c» .«Xp J ^SU i V oLi. jjj^Jl L.jJ dj£. Uxp 

. oUj^Vl J* jjk^ L5 L.UJ t oU^Jl JU> jjki ^LjJl 
. ijLa» Oyjj>* zyrj JL ; oLa* Oj>SJI i*i «jl5" t^ULj 
^jf j-fli. jj oLsa J l vJLi^l jjJ-Up JUJ tdJLJi £.j 

fliUli .jUJI OjojJLI 
ol il . iilkJl jLSLif £1 JSli ^ . dUi ^ > V 

ISJj .islkJl ^ TjlJii. t ..IU 7. ibUl ^ ( yj^ jlai* jUjJ jf 
^ULjj tiilkJI oU**f o^-JLp JJLi LJLp t U ik£ <-»Ljwif SjJLp jJj; Ibjf 

. tijikJl iiUaJ! £^aJ 
4_J»I ji. j j iJbS S ^ 1 836 JiUJ ihS" IS o jJl f b l»j 

.aLi. Ojijjj -Uy oi» i(ojJUI oja (^-.srJ f«i»- jJwaJl j*>*>Jl dUS ^ 
.iUi» jjj^Jl -tJjJ ^jJb—j Liy 1 836 MiLkll ^ fjk— i 
oti iL2i oL^j-oJ i*ij--> oljLJ tJL^tJU A-ij^' i*-J»Vl *-i)ts 
^LJLj _ 'Vl o U ; , .-> Jl ^yt (j^a*-* . L4JI ^ ^ OjLiJl SJOJL-i oliLU 

jjj <.Lfj. Tjls-Ij cjlliSi of N[ dJLU L. ?V ,iJj) .iLyi. OjJjj-j ^f J* 

^JLp ( _ r oA>»li tiJUaJl i-Jj-^ LjviJjl L«i5o .<l5w< cUULjk jj^J j 

oU->J i^JLJl v-Jli -^W 1 ^1 oli iJ^t oL-*- 
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^- j sa j t-i^. t 4_JjS3l i*JSVl > -a .. ^ j > L*jJjj ^yJl oU. : ->->Jl ^ JicJlj ^^^1 

. j*"^' ol >>J I <u^-j ^ 

.dJJJb ^y>J\ N To^f ^50j 

4 ) j*£>*lJl tj^*i tOl— J^fl j_^> 4_»UaJJ j.l .^a.< c * JjlL oil jLS' 

* * f 

oLJUaJl JlJjJ <c5C»-> oLw> ^r~* il954 ^UJI <.'\j-S-\j 
*-^> ^Jj . UJj^LJl^- ,JS y> wBevatron «0jyliJl» y> iJli d\S . i»j*)Ul 
Jj-~Si\ - Jli»d)ll ^L>>iJl Jb JLp ci^l jU.lN .kki*, ilJLPl t 1955 
i^J^LJLJ jijti iL.jj ( - 1905) Emilio Segr6 «e£>~-< 

. ( - 1920) ( Owen Chamberlain 

A_"..>«..,u,H oli oL».......>Jl y Laj-jPj oUj_Jjj_JLj . JbJ_Ji ^^.Jaii* J-A>- 

»U»oL> ^5dj ^-i^ <jj^ tiJL^Jl i^JJl oli oL». y ~ -> Jl 

i-jw iJa^J J!jU- J_^«J Juc-1 j 4 j»j!>L« ^ v_»L±^ ^» j li^i . «-jib>^» 
■ j '-^lt Oj-Su i^UJLj oUjJj^JI ^ljJav»l ja («bliiJ Si^o* ili>J) Ja2i 
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APj—») «j*oJl £-j_~*L ^LjfjJl J*"'^ ^«->Jl ^Ja...j oL>~> -^Jy ,^1 t5 J t> 
.Cherenkov «<Jj_&jj r iJ ^U-i}» ^^^--i ijif ^**bj oL~~>Jl viUJ 

v-JLi^l JJjJI JUrj Jis t Jlk-^l ^ ^Ul ^U-i^l i-ljj 

. 1959 iu- tljJdi 

J-f~Jl tJ-LiJl jjOjJl <-i-i^S'l jf -byj .OyjjJlj Ujj^J)/! ^1 

!>■>..■« > - aJ c ialjj^ o&J< i-ij j>u» (J^* • ^r**-"* 1*^* of (jrfi 

X) -[Vj-^^ ijL*xo a&>-}UI] anti aj^UI tSaLiJI oU~~>JI 

|j_Aj t «Oj jlijjwl i Jlj U j-$3 . eJL>-j OjjS^Ml j— oOpUJI oJlA ( jP 

^ «<_r^» tr" ^L^r-^ 1 (j* til* (j£Jj 
James tdLjjiLi; ^-^L?-)) ^Ua-jjJl ^Lj j^l <Ji*ir£\ 1 1932 
ib* jp iLi^ J^uJ juj; ji\ ib^Jl IS 10^^11(1974 - 1991) Chadwick 

.(1935 .LjjiJl ^ SjJU- 
SjLJI dUJL5"j ti-~-JjJl sjUl oUj-SC CJli j_a ojjJj^Jl ot jsJ 
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tOLijj-^Jij oUjj_IyJj olJjjj-Jj^j i-iJkj ioUJl SaUJli .dJUi Ji* 

. iJL^^Jl o*JL)l c Lit iLa* 

jtfLdl ^ tl958 ii- Jij t ^Lo iUJl Ojj-Jj-Jl i-iikl il956 L*. 
jjjJjJl L.I .L-JiLi* !Ai>- Jiijj ^JJI ('U.i; J_p- jljjjJl) spin i^Jdli 
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oji sljj \-*j> jUJjj tjjjjfjj £_« o^jj-j ^Uai L«jlp tA_jjUJI SiLJl J 

ojico ii^l oi^jj oLa* 0jy£)l» vl>»t.-J of iJ^f-o 

j^SJj . !_*>«>• oljig oJ&S of LJjl« ^S^JI j^j . «SjL*x. 

0_^i 

oL- ^^ l Jp ( _^- a S^ . U " ( ^SU i j-^l lJUk of «SjUaJI SiLJlg 
JUJI IJLa J 4JI o^if ^JUI JtJ — Jl JU> Uj^Jl Uj.S^LaJI 

■.vl-JbJI Aj> 4 f ^JlJIj 
hjl^A <jj£JI J SjLoJI iiUJI v»5 of til^ S/dJj t^^dUl otf 
oL.«~~ > Jl 5 — ail jju <jj-£s N oL^w-^Jl c~*b L* t SiLJl 

. Jaii SiU i/U^. Lj of 

SoUw SiL- ^ U J_5Liu iiJy. oij-j^ i*i Oj5j of (^Uj Nl 

t oU^»Jl ^ J_ii JLiJ . j\>Ju^\ J^s. 

. ^Ul LJ^ *U LilS" Sii g d\S 1 JjuaJIi ^U!l 
i*LiSu-l ojJL. oLw«>Jl £*j»J of J^».^T Jl^-. 
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.L^laJ t y>- c J-hoa ; * «jUa« jjiyj 

jt tJL_?Jl . L-j^* L : . L aj (_$jJl «-j_-<aJl J*>L>- SjL-a* 

. c5 1p jl S.sUx« ol iy>-j ^Js- oUy^AJl j 

?p£ oli twji 1 UU- 



. 

16 



K > 

Sjlp 'J\ cJA> 1 1985 iJL-. Comet Halley « JU» <l>x^l\ ^\ ji\ 
tjifj c J}* :<*j*a ^Ul ijiSl JbjJ I* cJu.ftfj tijJUJl J^liJl ^Ijjt 

.^jji^Jl JL»T Ait AiLi ^» IJi*) .v_JJuJl \+> ^->-t 
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j^jJl ^JuJl ^J***? k ...^JLj ^jL-o t t^J^' (>• J— <£ j-^ <1>«*J 

lolS^-ij /jj jb» Jj> ^ Ll^ o^tJ t 1985 jiLj/^liJl J 
^Jif jjj UjJL* cJUl k-ij^Jke- JJai :«;i^p i Walker & Company 

J ^Lj£)I ,^1^ ^oaj of -"k^r > ' J-i^. ^Ji-Jl 

^ jujljJI JL.T JLJI of ^ jj IJLa ^ ifj-ll J 

. jJlJI J\ i_-«JL. ^jJl jjj*; OjSj M Ji ^-i£JI of Jj t^-LJl 

^JJl dLUJl *L*Jp j>«p ^1 ijju v_jUI fL^j of |*-f^* Ji&pI ^ J*L~jfj 

L. J l^yJ>j j£\ ^UiJl *Up of ^ ^^Jl V[ j*~t 

<^jJ >Jl {j* ^^./I'.l C»»» -Li! . ^j^ljl t^^Ji j J_5 OV -l—OCx) ^jjf j ;P 

Jj-jj . oVliJl oJla iJLJL. jp>- (i«JL» o y) oUJUl jp ih£Jlj 

")L>- L» i_>JU-« oji ^yL; L« LJLp <^Jj t ( _ j Jl»JI JLiJl ^ j-*f 

- J ^j-!JJ» jj-^JJl iJU*Jl IJLa ^ aij^t jj-Sp-LJl 
Hughes Ressearch ni^Ls^bU jj-j* olj-j^*.) ^* Robert L. Forward 
t»J_<w ^L>o*jf of OlSj .^jL «i>JL»it dJDj ^lyj t Laboratories 

^1 I^jjI jl^if (j^j T«^~-« t*UiiJl ^ ^LJI Oij Jj&bU 

. JliJl <3Lw< ^ />JaJU Ijla.-if 
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jtfrjjj-^ Ji) hjij J^J £jjl>s<» LtLkf Ji) tt £ id£» 

iSLW oUro 'LSL*^ J* 1 *^ o"&Ul jti* Ujlpj .(jjliL- 
^jjUaJl ilyo J t ^dlnJl -L>-LJI oljUJl £»JC 

jlJLi. ^f ^ .yiiaJl JlSLif ^ j_^>JI JLo JSLi ^ ikSXi 
. <k£Jl jlJUL. ol-Ui c_jL^- J^. Oj& jjJl ^UJl iiUaJl 

,>-(,>H 800 Jlj^) ^ o*Ju 1. 6 Jl^f Lip Of ^yd JJ&aj 
O^Vl^ (o li, 14 400 Jl^) ^ OjJU 12. 8 J JJUI ^JJ-^I 
. *LJI jL^ ^ ((> J, 16 200 J\y>.) p o+J* 14.*4 ^ t JJLJI 
Jjf *i| L-!ju>>J *UJl jU« Ujj ji J jju t^^- ^-»L«>J i>^Sj 

SlkJl J& .^UVl Cj*rjJ±& J** t Jb-lj r l>» 

. iili* JSLi JLp tdbS 1 jULJl .Ij^f S^JLp ^ Jit jlk jj^-SVlj 
JJUJ M i^aJl o-La JS of cLaXp Ja4» j-SUrii cL^IOif C^J jXfl ^jVl 

J^ L^»j>; v_->» i j iilkU ( ! 4_aa.,*JU 0^0*-) <Lja aJL«^53I iy^Jl 

aikJl OjSi j_i .i^a^s; of jJl iilkJl J>-f j* a^j> 
J^f ^ iilkJl ilJuV i^jjUJl oLS>Jl Ak53l ^ J& L. 
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.i^jVl s^l s^b Jji» ^jLS^Jl t_As<aJ (ijUJl L^s; JaUj p_*Jl 

^»>JI ijjik)! ^ t ip^Jl JJLL" ^ ^ u >y j* 

SyuJl (jx. ^ t *UJl jU-^ S^f ^ ( - r «>. J^.iJlij II* JiU>JJj 

J-Sy ^ cLjL^J of i^-Jl oi* JJU J* ji\ ay^Jl .^_o Jj|_* 

o^-Vl <OA -<i>Jl J>-b Ol „ «..„„> > Jl ^--J^ SiLc-1 ijjjJl 

Ji US' Jpj J^U itfj* ibfll ^ jb-lj r l> ji^d jilo, pJljjJl 

.Up fjjIljjJl L.I^p 4 285 of y» (foMJuM ^UL*- ^.f) v 1 ^ 1 
%0.023 jt ^ li^j .iill, J[ U> J>j oj- t UU l*U>J 

5 y u-^* <>• ^ . Sit J\ J cJ^, t (jJIjjJI 4^ Ja2i 

iilWl cJ-a op ccj-JIjjJI ^ L.l> 4 285 £. Ufjb 
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aJU» 4 y%95 Of t ij~. jLL. 4. 46 a*. djZj 

liL- ,UL. 18 

? jU&Vl -CSUj ^Ul IS ^ 

j& jj td^l IJL* ^ JjVl dJiJI J!>U ?JUJI ^.^j ^ 

Of LJLp c^jjJ jjJu iaUj *±jO><J .ciUi J-i^ 5JLp iJL-j ^ dJUL* 

.U**Jl 

Ernest Rutherford Ojjijitj c~Jjfi J^*>- ^JJl v^^Jl IJLa 01* 

JUaJ LJLp ijjjJl iilkJl ^IJiw-l dLCl ^. J-.f N Ol ytJL. 

jjj .moonshine (*l y» tjjf) i j^S3l IjiL jl&Vl oJL» t_i*»j Jii) . 

. .jlkiJMl *_JLp ^ jSUa. Of J-J 1937 iL- jljj jf jlSj .syL*Jl 

Sj_Jt*# LillLJij *lj^>-L* tLjyJ* ipJljj_Jl olji JA>«3 ^ 
. ^yuJaJl ^UJ^I JJUJI AiUa, Up iiUaJl ^ Jb>Jl jLL, |Jl»j . L>- 

Lji* Tjb-lj L.I ^p JjjJ t ^kiuJI pJtjjJl j> U> 1 077 ^U*- oj 
Jj^i f>jJl jjJI ikS" ^ %0. 093 Of J** IJLaj . 4^1 £. au» 

J_iL-« jIjUu of L-* t-iU-^f <*jJ JiUj j>j . jlkJLiVlj iili* ^1 

. ^ycJaJl ^U-iNU JUi ^JJt p-JljjJl Ojj l y 

t^liJLij .iipLytf i»jl>»«jl ipj— i Jf*--* pjJljj!^' jlkiil L«f .iJLp 

Oj-JL* 12 ,_,JI^>*» o^LplixJl ^ ^^pf jJUaut LjJ Oj^j <-ij~i 

Ori ^^-^J-J fW*^ (_^1p SjJLiJl JL*I?-I ^.U IL JUjj (J»j_. .Sj_« 

( _ 5 aL»J| ^*JlII JlJj-J pJljjJl jUo-Ul ^Ijl^c^U of (^jljjj* J?~i 
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• o--^ 1 (J** 125) jjtf jUL. 200 oL~. 

-j*^ <y i^oo ^ si ^yL. .oj^k 

(^-jjla-i UJf) «jLUlkJl £ji_J ^ 10 000 lSj^S\ Jl >^-l of J-> 

. j~->^Jl j-l^Jl t^J^-oJ Jlji Alpha Centauri 

. iiliaJL ^yjJl aaJL iJL* 'ps^-A 
^ fl> ckp«J ig^xJI j^jjJ^I Ul> 146 ^ 
j^jjj-^JI ihS' ^ /0. 685 of IJLaj .^L-.jljNI i^L^ ju^ <jU» 
jlk-SJl JLj-UI iJlkJI eJL*Jf 7. 36 ^f t i_»U» Jl J^* c^JLuJl 

^UL (j-UI u a*j J«f Jii JJKaj .ijUp-jjJUk JjU JSLi ^^Ip 4 4j 

. Lf~AJ <£ iSjijv <L>«jj (•j^I J£j tiy shock absorber 
Ojj ijJL^ai i^L* 1968 Freeman Dyson idj-~jb oUj^i jl>«; 

J» 5Jb»yi £j t^Uoil <Li 300 000 J*>Jj ^ 400 000 
ijui-Jl ^ — I t^iy »i»^LJ J£ i-SjJl i_*L>- JjUJI «Jl» o^Li 
i-iiUy <-»j-> l^i* ijs- j.aivi J5" of t^f (g 1) i-oL>Jl ^j—^ J-^*«j 

iuiJl cJ»Lj 4 OJLi.Ll oi 300 000 Jl JjUiJl O^Si t^f 

j M>>- 4J^LJI CJL5 lip .LjilSlI ^ (J-^ 6 000) 10 000 ipj— 

130 JL»w oLJJill i-S^ ^JuJ tl^, c^-jky t^>waJl oUjVI 
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J \*j->**j nsy\ i^jjJLA iLi 300 000 J-^- y U ju t^lkJl 
JbpLal oli <loIp olJ ^>w« iia-J L~£p A,^i...Jl eUJl i^Jli jf _ 4:,jL.JI 

. OUUaJl i-SjS" if^-l ^ LjJ ^>J^ 
^ Ljp^L ^ j-i^ J-*«»f tii- 130 jj-^p ^ oUJLikJl i-SjS £jL d[ 
(H^W*" OjJvu <-ij~* JjSfl ^yL^Jl of dAJi £-» . iu- 10 000 

olj-jt t (*j_^Jl ^ 1/30 (^f) v 15 / 10 000 **j~> 

t^L»aJVL» bk*; ^>»J ol 'J-^*f <jj& JLi jj^Vl of j-^ 

J^«r*a 4<JjJ»f sjlJ ij-i-Jl ^ o">LpLidl oJL* Jjl. J»U>Jl L^SCfj 
tj -5.T..>« JjL**j tt-iUJl ^1 L>-jL>- ^L»JLj*yi J-^LiJ oL>cx* 

. «Uoa!I ,_,» b-i* jii* AilkJl |JaA4 ^s^i tic 3 " ' (^f^' i>-ji5 

J jJc*~Ji cij3l of . La,:,pf tAi idiUS a>j .oub^i oL*JU^ aJLJLi S/jl> 
Jl Vj- 11 Cj* I- 1 a* J* f 'O^W S: L,a;, 4 ^ 
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ja jUa-iJl oJU^ yiS'f 1 075 jf t ij_* 146 ^jjJL^JI 

tSiUiJl j-sr-jjO^JI Sji sljJ <^f oUlJI Oj-ljjJl y> 4 Jf-Vl ^li 

(j* *i*A**Jl ttiL-f-J tU^jj .^jjj-^l Sji sly y> OjojJI of ^ <J 

i5iL-A» t— iUj-ojj Pions ioUj-jj) : a ^JLu~o cjL»> Ua_Ji>- U^>-bo 
^ L»j_**>- J*-Jl <j*i tLo'Lj-fS" ij^JLt t «jiA of L*jj antipions 
oUj_JIij Pions ioLIj-JIi Jj>c; .^L.Vl J\ £-aJI £jjL» 
j!*>. antimuons «2:>Ul* oUj^ij muons loUj^i antipions iSaLoJl 

^L_p ^ cii^j t <L*U oL>-ji ^1 o^-JJ-W ,Jl * 

0Ui»f <jujf £• oL*iJl (jrr-jjJLfll ^ ^ 9 of ^> 
j^f t*^aJl <p ^ (1/10) j-i^ iuLiiJl i-iLJl ^j-J U^Uj Os^Jj-W 
oUikJl i-Sj-J Ji J^»jJl Jju IJl*j . iJWl ^> (J~. 18 700) ^ 30 000 

.t-. 40 J**>- 

.!> ^ . iJlill ^ (J^ 37 500) f\S 60 000 ^f ^ (1/5) tr ^- 

t^f t l.U 40 tLLJj LL»i coUJikJl Jl iU-^l cJUJt 
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. "*!>■ JA sJu>> JlJ o^.^. oU-iJl 
. .a* JUJIj x . iUJJ iLi^i oU& J^y V J£S" 

<i->- t i*j~S\ iiiii <Zs\jyj j*i V"^ 4 <-ilJL»f 1— a Mai Jj^t IJL* 

lj— * . o^Lsd,* oUj_jjj_j I ^/»«; t oL,>.> «j-alln;«,ll <L*UaJl J j->*^ 

jj-Lt 100 J-^f ^ f j^\ tijj&uJl SiLiJl oUjJj^Jl aJp bj&i iCJjJl 

^Jj cTo>- il^J* iJLp jj& ci^i tSjJjJl «JlA ^^U iJUai <U-frJ fcL&JI 

.SiLiJl oUjJjjJl ^bo| iJUi »cJ jf J*jj 
olyJijjJLi .(,5j>-f <Jl~~* jjZ t o.sIm3.<JI oUjJjj_Jl ^-boj ^ jf Om 
i-oUJl SiUl ^ J£i tMiiLaJ dyjji i$f £• Tjji J*liS SiLxJl 

<-aJLj ^IjJ jj^j tO^«l>- aL*av« j-^-jjOjo jj-^aJ .Oj_iw» ^i-j 

.ijip J 

c> u >^- Vj-II Otf il ijjyi ^Jf ^ iif Ji N jU5 
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• ^ J 5 " c> us^-jj^ 1 
£jJU ,^^1 ipL<Jl jji^Jl ^ ^aVl Ji>Jl S^L- LiLUf Lil 

LaJUp fj^^i . ^UiiJl <js*>-JjJ-$Jl ^ Lfc*^d ^ j^' 0^ is- j~» 
v_iU<xO ti— aJUJl j^>«j ^ibJl ^loJUNl ^ti ij-Wj '(jrTJJ-^rf" 

.iy^Jl alii ^J-*" ^ i^t* ^ ^* <_jH i-*—" <j^*d Lft- 1 ^- 

^y*-^ L» Ijifcj .i^ujJl 5JL>-jJl (_y iyjJl iljjj tip^^Jl oatajl UJSj 

^SUj 4*\j±£^\jj 4 insterstellar ramjet j^LiaJl ^JapLaiJl oliJl il^Jb 
^jL»jJI v^>l—..,..>- . »t_JLj L»~~«>- »j ./ill is- j-** ol_ ^ '^j-P^ 
.Up 15 J}U- t Lbij LUi cuLAJail <£jS &>-J\ ^SUj t *ji»LJlj 
aljj L»f . ^jVl ^^Ip jj^JuJl Aj-^JL; iU- jJl 4_» Jli U I i* 

7 ^ t^jVl ^Js- ^.».Ji,JJ 15 AjtSj jJLj t^jJU .^3)1 

^Ij-j*- JJ t«u!)L>-Ui iU-j sLj>JI Jii ^Js- jjJUl l_*Lx«f ^1 SjuJI 

. ^jUl ^ i-^jVl 5 ^1 J j>- Jjf ^Uj| ^ o^fl y Ojji 
j^j <,tj-^Jl ipj-* Tjb- IjjS ipj—j ^*i->l ji» : l-i* j^r* v*^^ 

ftUaiJ! ^ j_a..Jl 4.,/»« jf jJ— ^ I i-jb . ^ jT«T« JUwLi Ji U IJLaj 1 <L^> 
^jiL" ^LiiJl ^Udl oUJl il^p^Jl ik-l^ 

<J jJut ,J\ Aj&u ti_oi£« y>«...r..>* ,_,» Sji 1 000 i^j^xj <jf ^Ij-ii^fl 
o-rjj^l ol ji of (j^j^e lj*j c j-iS'f jf C>L« 61) ^iS 100 ^j-^ 
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. «Uj">L« < : ...Ja , ,.i>.« 

SjJ^I 4_^>-L— • (2/5) ^,1^. L_^l — «j (J^ 6 100) plS 10 000 ii^JcJl 
JULj ij> c~J UjU*- J o->-jjJl*JI olji Of dJUi ^ j*% .^jVl 
jlS' jl* t*_.UJJ LL~- Lib- iJLfc dj^i V JL»j) .<J^— j W*s^ J^i 

jjUjc; of t i-JUjJI ijs-LJI ^ T«*s** «jj-^d ^ i ^LtJj'yi olS ^ 

.tj^aJI ipj*. (1/5) (j-**^ A-jUiiJl 4,: ; i.>Jt Jp^m. 
£_* oloUaJI (^ilii oJLjIj; tiPj-Ji ojoIj; UK t^iljJl ^yi* 
^Jj j>J .oLoUadl oi* ^JUi ^sVl Jblj; JbJLj t SjJwiJI ^L»>-Vl 
Cj* Cj^+z* of J_»-i-*Jl j** cSj-j^Jl ^L-j»-Vl JL~> (_$jU; ^ Ja>JI Lu*«.f 

. *LaiJl ^ I io ^iJl oljJJl j jUJl (^ilij 
Oi jJUlj jUJl <— j V JLJ t*j-,aJl (2/5) ^j***- JiUl ipj~»j 

t i_p j-Jl oabjl LdS" Cj&j . L«Lp 40 J <i>-j Jl t y>- 1 T^S" T jj^i 
c-JjLij UjU^j . . a^Jlf LiL>- Ua-ilS' *Laa)I J,>-»,'»..j iJ.j^aJl ^lil 
Sji 01) . .^UaJl l^^lil ^Liuil jjj^-jjJU* oji i*j-^Jl 

t^L^f i :SanchoPanza il^jUjJLjL-i Jji U5j . (Lj^2j <^o)I <Pj-~j 
^ >JJ liJUJli iPj_Jl jJLJ JLi t 4JliJl ^ (JL? 60 000 ip^-. oi» 
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. Laser jjj jt Maser 
t^UJl \-*Sj>j <J-«^>- «LJ^*^' A'., : a.Jl duos' ^Jm Ji o)f*-Vl oJL* 
i ( _ y kpl_s<aJl djliJl ^p . fr^sdJl 4_pj^> e-»jl_aJ oIp^—j ^o,»J U5 

t-owii ^1 eJbj_dJl ^^aJLaiJl wLfj JxjS^Jl *UaiJl ^^Ip i_jiSjJo N U>L> 

^15 1 000 >i £U_Ji JSLi Jlp p-j^Vl ^ Tjl^ tLij SLIp jjJJl iuit 

.dUi jl o j-U 80 _ UJi jlS" U+* _ -ojj Ji N 
5_p (1/5) 0 ~**- jp J-jj; ^1 oLp j-JI oL* t li* f*J\ (Jipj 

L« J*ait t L»U 40 d!>U- ^->Uj (-jLaS ol t « JL* iJUJl j ai^f 

<0 jLji-o ^ ^.t jAj . ^ <->jA J* Jjof -dLstfji ^ii lid* . ^Ua* 

1 > mi».'i 4_-.t t . i l .XjJL-i t j-^-T f*^**^ ^ ^"'j^-f ^ «■■«>; cjj^v SJ 1 1— »Jg 
£— ^lj jXli jJw»t 4 Alpha Centauri A (A oLUiiJl) 

(C jLJiiJl) j_Ju* fjj j* tdJLJj Alpha Centauri B (B QU.Ui.il) 
ij\ J jjJU (*—*>- ti^ 0* jia-J' <*! - Alpha Centauri C 

c^UaiJl JLjI oL-?- ijJL>- j*^ |^>»j £jJLI iU*P TjU<o iJUai ji— cJ^M 

. La <n.±*L.~, ^ ^jj| ^Vl 
^Js> oL>Jl JS" ^ L>-jL>- yuu jt *-iLtSc»-.l i>-j^J ^SUj itL^kJl eJlfi 

oli» SJLfr Jt)U- o j^>Jl i_JLJ)fl j-iiJ t UXP . L^PjJL; ^ ^>-Vl JlpI _^iU 
*li^ll O^Uj 4JbJU>- jjlp J-5j .aJb-j j_jLJI ^Js- JUaj^fl t-ii^j 

t*j-^Jl <i*j—~i J2ij oljUJiJ j-p 5jjL»«aJI i^j^Vl (JU*Jl ^« JUalVl 
cijJ» ^ J-iiJ> t relay J-?v-I oU*>^ ^JLp ^ jL>-Vl J-s<aO 
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.jl j^x--Ij ^yJUl JL>Ji k— ^f^> LjjL,dj ^1 «ij>«^Jl 

tftj-^flJl ^ ^-»tj iiU* jj-£> jf eJb^j (^JJU . 

ivl^w J J» <l>of uf Xj> t LjtiJi ^Iji IJLa jl5 JtiJ .dJLSi <_£j-« 

. 1928 j-ii Uxp The Skylark of Space «*UUJl sj!»» ^ E. E. Smith 

JL* JL^s-l t^f ^1 j-ij L» jiVl ^ (5jf N ^f Ujj t-lx>Jl *j-Jj 
^jjj-Wlj-^l ^^iJ jf j_a ol_i>-f (^JlJU t<j_*oJl ic-j— (jjjiJ J** Li>«i«j 



. 

17 



v. j 

^ jej-J^Jl tJj— c-f <jSt jj t!AJLi oJL_f^) . . ^LJl ( _ f *Ji*: 4_ip ot_> 
L»L«J j_jP 4pi*Jt t/»-L«d ^jJU^Jl t^j-Ji&^l »_jiVl ^^a^>CA 

tOL&» j-p Ua t ( _ 5 *a>J N jJl ^VLi. ^ Js~\j J jJ-o 

c-i^ j^l LJl ^* 4_^p ^iJI t^ijjl J^»U; ^ J_>of ^ 
^ ^L-iJl oiUJl oli">Lp dUJLSj cOj53l jJl i^-L-Vl jJl^l 
1905 ^^u- j;* Lf>w»j |J ^yJl A-> r >« : Jt i_^»J Liij tiJUj>-)/l -cUjSC* 

4-JJUI <jji oLw-»Jl j»5^ ^1 i-j-.L.Vl j-Jlj-i)! U^f .1916, 
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jj-L-j olj-Jt^Jl of L;jlj»-j JUiJ t dLJj. j* jJS% .1930 j 1900 J»ls> 

. 1930 j 1920 J>\* ^ 
. jijJLJl 0 ^ill oliLliS'l US' LjK o-Xaj 

x»-ji\ t.^\ oi» ^UIjj .tk>- J* UHS ^ ' j*** «JS» 4/ 0^ 'Lw 8 ^ 
. lilkU-i lf)f j> c<4^xiJl J_p- <ly (_$JJl 

^15 of 4-JJb Uju* Jli ^jJl »Jpl ^L-i _> T jLj>^ c_jUJI JLfiiJ ^ 

lili : OLij-Jl ^ J^-j *jf ^f The Delphic Oracle n iJ>i>i 
dUi 0L* i!fc~S t-i^f V ^1 iljat illii coUjJl ^ ^ ^f 

. . j-i^Jl «-» ^pf ^yL yi-if Tjl>- i_jL>w ^1 
1 JUJb- y» L. JJ5) . J^U Tjoo>- IJL* ^ ^f j& £. 
c-f>-j of J^- toliJL .(^jJL-ljj jjJJI IJla iJjjo of t^ujfj 

,y t|iJl John Campbell ij^tf o>j>-i JJ ^ iOjJ £j Ji ^1 

. 4^- ^ i&U- c~Si ol^kJl of dUJtf J Jlij . ^jUJ 
Ij-JLS (1>Jw ^jVl of ^LOl ^J* Uju^ to>>-i :*J ,_rfU>- oLS 
of cj£ lij •Cjt^' ^ <-h)£ o*-)^ ^ L*^ .o&e** 

itkAll) Of ^-LJI ilj^l J j> i^-L-Vl ^JLJU t ojj-; L*S-j 

. J-l^JL tk^- Oj^j J^l^lLj £f+«* j;P j* L« JS ofj tOUlk* H-jl^aJll j 

oL.j.fi, ^l^lj tk^Jl of ^Jl J^J . diJJL5 ^.Vl Of JUfcpf 

.dUi JL2^f ISU jlif ^ JUJI IJla ^-Jst-j tOLijjL. 

iJlj^l 0L *UiVl difc cJUU jJL-i r H\ Jjf .yiU^bU 

N 0LJ>l 



227 □ J-*jd\ <,. ; 

J[ ^dl jJl jJI (JUi t ^L>f 0 yjai- Ji» . lUL-i *J^u "ill Jb-f U 
ol_Jl£Jl LfJ_p- Jabs* jJl ^ (oL-JL-j^cJl) oLJJl ,y Of J*iJ*J 

tlJL.^ iI»t_^L-i Otf AJUaLi ^JJI (j-ST—Jl 

il*U>Jl ili-Vl iLJL. j-jP tJL^o ^ .oLJJl v±Uj JJu Jp- (^tjJa-; 

jJu> ?0LaLL« L«Jk ttJasJlj fc^l^aJli oL C^fiJl Jjf J* tOVlj 

t^j— Oji/u V jiJJl jli^oJl Otf j->- t!/LJl J»-l jJl ^ aj<o IJla Of J 

^Ulk-JL. Lj»j i^JU ^U->JIj 4S>^I jLJwaJl jJLo 

¥2 + 2 ^jL-i 

4 rv 1 ^'- 

. tJa>- U J5j IJla 

«^U«»H^^c^cM^|^ *\*^2ll4« itWj^-i j i^Jij^ef% g (UJd i_p-f a^>-j 0j 
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4_ r va,"^.Jl i_»_^j>-Vl oUL>fcUl ^jIp oiJL«lJl oljLiJl oULxl-Jj tA$a_Jl 

. ioJxuJl oljL>Jl oUUbUl «tk>- ^w3»oUL>»i«lj 

j-gp - j-jCilll ^jjhj^ > >~>u - o^yiall oljLjisM of 

4_iLLi 5_JL*iJ jLj^-I J j-srw 1^1 . ^j— ^j-JJ -L~Jdl |*4aJ ^ i-^->^» 

" .Jii>JU 

<JL_JL>-» ofj : Lf>»4J Alice s^pJf » of j— 

. j _ r- _ : Lf>vjJ Genevieve 
^ tk_>- jJSf (tr Jfi of ^ dLJi ^ Jj»^j . oLd»U oLs>^JI 
t-^yf «tJLJj>-)) &>$J oL> JjiJl ^CmJI of Ji^f <. IJL^J_> ?«(JLJL>-)) 

.C 12 H 2 O n jt O-j-j-^-o^ :cJl_J *-i>-f-Jl of ^j-JciJ 
* 

iL< isj-*u> ^j** viJUJij L^Jj .^jJUJl ^ ~*&>\>- 0j£> tpUtf J-iJ J^-i-j 

. ij.ula.jl 4^>fJl { Ja>^j 

:o\S <Jtj H of dUi ^^iJj 

. /j-> U i~JS dl^SUj JlSLiVl ^ iJip &\ Js. 

<d jL>v i Uijf ^Lj^1» jSJu of jJbtJI ^^Ip o j . *>LJi jf o!5 Tj-~£ 

?2 + 2 £,1^ ^_ 
• • i>\yrj = 2 + 2 : Jtf Joseph of \y>jd 

17 = 2 + 2 Maxwell « J^Uj Jli ^ ^ 
tla^ y^f i^jj^-i : Jli of oUal^l ^ ^-Jf jZij .*J±^ 

iU->w» v'j-^ 1 ^j^s-* .L»-»w» TiJU- = 2 + 2 : Ui Ujf ^^iJj 



229 □ JtsL^Jl il-J 

Id* Oj£~~» (l>-jij^) LcLi l>«...->«..^ Tjjip = 2 + 2 : LJL* L>f ,_y»j^J jt 

. iJ ^ jiSt 

^l^l ^ lift djZi ^it i3. 999 = 2 + 2 :Ui ls\ ^yd jf 
t*Ua>-Vl cjihi** ^ J-s^ 0j3 y i4 : i^l^jJl JU^ ^JLvJl jlS" 

^ ^ ■fA 'U (,<SjJjJ> Tj^- II» £sA> !&f 

?9 + 5 ^jL-, ^_ 
H4 = 9 + 5 of 

*_pUI of JUL, c JJJI oIpL 9 of U JJ l^i 

4JUJL>- j> ij>«-« ^*f cl4 = 9 + 5 of ( _ r -L-»f *14 ipLJl 

2 = 9 + 5 of ^IbJl* cybOkJf o^J ?2 o>£ ipUl of L.l*>i Jl jUu, 
of Jij 11 = 2 + 2 : JLi Richard OjLUj* of <^j-aJ nS 

. 'I ^jL^ o . ^ a ^>, «3» 
: j^-T JUu IJL*j 

?SJi»^JI oLNjU Oj>yjVl ^--5^31 ^ ijtlcJl Jlw 
.ili-.f t^j-xjjf (j-oj t$f iJU* ( _ r J : Barbara «l *-~>ci 

oUVjJJ o_>-»ujVl ^rsJjJl j-» Ronald Reagan «oI*j>j JLJijjji . tk_>- 

. SJb>«iJl 

^1 George Wahington i^kjJilj gjj-*ri JLi* t jjju-jJl »» ?- S.L.-»cJl 

■ di*!jM crJjU V ^39 ioUuj jJUjji 
^j-J Grover Cleveland ixJLUS <j£Jj .J-^f JyLi 

Jl 1893 ^ oLtJlj d889 1885 ^ JjVl 4<> Jl=u ^ ^1 
tdAJUj .^.y^lj £-.1^1 dLJaSj t jij_i*Jlj ^lill ^-J^JI juJ^ ' 1897 
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.SJtxiJl oLVjU OjjvjVI (j-^^Jl t-cli oJjJl tSa»fcuJl 
(J IjJ jjJj— • ^^-iJl JuJ jf v_-^> liL*I» ?Lio»wX4 ljuo lJ J>\ 

^^Jl ul :cJLi l^f _^ U5" UU: iiki^ ^j.iikk* ( l^> 

.Fidel Castro ijj-JS JjLii S-L-kiJI oLNjU 
J *LJLJI of tfj-J&yi v^ 1 

: Jb^fc Lpi ?SJb-l j isrjAt o jSkk* Tjyt ^ J» 

. 4>Ja — 4 ^ jVl «l)f t OJL-Jl ticsHS dLS t AJLj)fl SjLa>Jl j>J 

. ctDL* U ^ tOljJb*i*j ei^- tiijt tiUj cJL>- wcbta 
Jjf oLU d-;>- nol j_iJli j «<Uo) J-fw- j_» Jj-fr-Jl dlfc JL?-f 

^jVl c->w^»V tiUkjJlj oUjjJI jJL. Ujt Ljt t i>Jt— ^jVt 
iij-Jl) i-JLJl ^la_Jl Uj-i 1 t^uJl li-* ^ |»4^f Oj^t JL»j . i>.la ...» 

j> ^Vl »L>JU .dLIJ^ c~J U^Jj . jlk. tL>- tC jU tk>- ( tk>- I4K 
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jjP 4>Ja. J I ^jVl i^laJ jUpI ^1 £J.tf t-^L-f '2?^^ 

j^AJL>-t ^»Lm. lij ^jij^Jl ijSi\ t-a^aj (j*^*! i.**"*** 

^-^J J£i JIp Lib caj^ J">U ^iJI JU> ^jVl Jt o^ tUtfj 

JUp JLa~j ^yAj ^y*^ t >«— 3t UJj oL^ t Lf>~aJ ^jVl ^^U Lj» ctiJttj 

<prj cJl£ Lf tljiPj-jf JJ tJiVl 
otf^J t J»i** J-£w Ujj-U; N <i»*>WI oIjlaLUI oi* 

. 8 ^ Of jlr*'! U js-^ju jj^i tl^-> • <_r* J^' 

iJUJI ^L^-Vl y'L. o.U tdUJtf ^Vl otf lib .ilr^-» 4^ 

.^T J£i ^f dtf lil otf lil Jc^AjSy J[ ^>f 

i>jk>- JLJoc- J^kJl <Jk>v ^yi; ^^JLlI o[ Eratosthenes t u ^J J J\j\t 

.(^ 40 000) 25 000 ^ of 

L. ^f 4 Jb-ljJl J*JI J 0. 000126 5^JI Ua Jl* *U>Jl Jjl^. 
^1 oUiJl 4—LJ Jf-j N Lt y»j t t J_ s *JI ^ j*«a}\ j-8 Ta>- y. 
dtf 0,000126 ^ ^ TjLs;- JjliJlj . je«JL»Vl v-i^ cJl^ 

Jl i-^U „,J| ^jVl ^* J>cJl L^ijJcL-l jJI <L>JI SyuJI ^^Jl 
^sjj j^LaJI jsj i^j-'^ J-r^ 1 JjLiJl J»- (ol LJp .ijj-XJl ^jVl 
^Li I( J»Lo JjLiJl ljL»j .i-**Vl jffS jjj JU. oj^d JLi i0.000126 
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. 4>ila...j M t Ajj ^ ^y* jVl j-Xaj U t JjiU* 
jf t i-jkhia V JL»i>-l LL— j> ^ jii; 4>.la o.ll ^jVli t iiU»Nlj 

oLiULSNl jJl— . ^*!>Li t^JiJl j_a ^Vl jJL-JI IJLaj t l«J ^jjj* N 

5j_>lA« 'Jr-* A-a^U... oil ^jVl ijiaj Da>Jl Of £«i JiSUj 

.^ix;*^ ^ J ^jVl ot» ^-UU ^jf gjJdl Uj 
jjj_j>- ja-^ 1 J_*LS ^ jJli Ja-*** j_*i3l j ^ JS3 OLS : M y 

Ijb t»— >l ji*Jlj ^jjJUtfl ^Jl Jjf JJi J^jj i$ JL*j-i L«JLp ^jS^Jj 

Of ^-il-Jl Oj-2Jl >>-ljf 4 Isaac Newton ij>_yj JL»w|» 

jLif L£ UUJ) i^iUJl etl>j c->^ ol jS" 0^ J^i ob ^1~>-Vl 

tUjj_>^t jjJU cJl^ lip .(Sjlj^) 0j-& V Of 4(i^k-.jfi 

• (iJj-^l ,->».->Jl 01 jji Oilajl dUi-Sj t *ljl«.)fl ias^ ^ bjdt US 

. ^Ui *#• yj OljjJb tils' J>-jj <S j 
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Oj-iJl ^ ,_^jVl ^k-. *L>*;V oL-Li Co^f JLij .Jp-j-* ojt jJj yLJl 

J <Jk±J ^jVl jliajf Of ^ li_Aj . S jS Lf* jJ5\ di^kJLi* iJl j 
iLU. ikLi Jl *tjju-)fl Ja>- j^Lc- ikai y JLUJ ^1 JJUU ilfJjttj .l*Jl>f 
cpL~. 7 927) ^ 12 755 s^V*"? 1 >_aJl* IJU"^ ia^ 
12 711 ^ tsf! >^JI Ji Jl*A)I kJriJl ^ JUU, ^aiVl >i)lj 

(^L. 27) ,a5 44 >iJlj J>Vl >SJI JjU3lj ( J^. 7 900) ^ 

^ (^L>.->w»Jl i^J Lji^ji. L. ^f ) (isJaiij jf IJlaj 

. %l/3 4 0.0034 j\ 44/12 755 

J~Jl ^ *b>JNl 0j& 4 £«lL~ Jl (_gy. I ^jUi 4(_$ ^>djl»ij 
OLS- uLf J^JI J 0.000126 i^l ^jVl gk, J^j .015 

.L^rtl CJ I^ ci-Jlj^l ^jVl gk-, (J~Jl ^ /oLilJ 8) 

.JW^i 8.027 j j^/^Ul 7.973 

jJjJl fjUaJl ( _^JU * J»L>- i^LJj-^Jl ^jVl p-fA. <jf £-j . <£>j-£Jl_> 

Vanguard - 1 il _ :>jUjL»i ^l-k^Vl j_*iJl L.JU- t 1958 Ja 
_ i-JU^Jl ^jVl i-oL^- ^-US <_j£.f Jj^ jIju. 

^ JJi t-Jjjf ^y^fJl >--ta all JUp j»*JI ^Ja— ^jl.-* jl j tAiU-i 41* ^-Sl 

^ > J* * JSLi S> c-J >jVl Of ^Ul jj t JUJI 
JjLjiJl j^j. jj (A^LSsJl .*L<aiJl ^ iJjuu Bartlett icJLijLi ^ 
objLj i-Mai tSy^ ls^>^\ i->Ja.UJl i-Jbj-^ 1 Osi-^ cr" 1 ^ 1 Osi 
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t JL-.I ^ (jLut jf) 
.J^JI 

jt Uj-J-I^ - 1 * tjlla oil ^j\j^ai\j j)LkJl tlasJl jjU i-XAi ^ 

UiCi j i LJU- «L>j ^ jL^I j^Uj <ol - «-4_SJa»ls>^-» CjLj ^laJl 

<-*-ik W^J CjiJ^ ^ ^J 1 * Lo—^j tJ^Jl 0 j-iJl 

. . bJL«j ^jJl 0^1 ^ iSUS JSw 

jdl j-J> t^j-^Vl oNUJl jujuJI a_Jlp JJjuJI (^Uj U IJla, 

ja J[ jJ^\ ^ssA lil L.t . oL:.,......>J ^ jj_J U oU 

Jl t^jVl •J S >' t/£j* f^* u** Copernicus t^j&Jj.yft JiJl 
^1 tLJ-j \*%J>\j 0L5 t^jji ^ ^p&l J-i* JJt* <*1*j«jj >cr ^JtJl oJ-S^ 4 
i-J ^L-^J J*aif o)jJ» il>«l iJL-Jl . o ykU» dL>«.Jt« 

.^jVi ^ut fiu i>j c~jjf cU_*ji ^ .*u1j! ^ ^ijkji 

SJL>- cJa_pt lf>j-£ Uj| tiljj-l* <*-X« <L«jiJUiJl i-J__^aJl viJULi «UL O^ 

. ijlijl <Lw»L«Jl jjjUcJI C 

t^Lr*^ 1 ' Jl*^ 1 Xt^* 4 j-^i «. «jl>jlJ^» tJa-j jjk: lfs*k-. JLp *U-Vl 
L> L*5 r ljjJI J*j JjVl Jc- tstf iUJlj ^jVl ot, cjJdJ la^-j N» oL 
>jVl ^O/jc; JjU iJU ^ jii t dJUJ^ ^Vl Otf lib • fjJl 
."ijlJC J4J o^li . jjUl oVT 4yJ jsjj tjsi-Jl oljUL. sLJIj 
iLJlj^jVlof *»Jb Oj^- jdl oIjuLlJI of -u> 
^jVl ot ^-^Ij3l ^-*^f t T i^r-Ji ^-^J ^-J^r Js 1 -* J«Wj o\J^cj 
^L*-^! j^kJl p4A4 Lflltj ti^aJl Lf-^J^Jl cJlSj. iUJJ oUjJLioUJlj 
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UJL jJ t jJJ*Jij L;>-jJ^>Jl eJl£J t ja ^ydl Jjjc* jlS 

.j^Ljlit ^ ^ jij^-Nl creationists «J_UJI)> 

i-c-j-" Of ^1 .i-Jkbi. N OJLS" jf jlkJl ^Ij^Jl j^" Jij 

Einstein ijjkJLjIi oYiU* ^y jI~pNI «i>-f ^r>j L* tSjjJb*** *^iJl 

liUJU . ^Lz* N cUaJ ^ykbiVjUlj ijJU^Jl ^ JjUJl o| Jli Ji 

^ jL-di ni^f i*J^iJ ?Jb>Jl IjJj-Jl Cj^^Ljc. Ja2~J jj i^UL, 

j_* c0.0000000033 jgjj >*JI ^ JbUJl IJL^J (vLi 0.0000000033) 



ul^ i*AjuZ~.\ jZ+Zj (J sj-^ip ^y ijJjJi of t^U* ^>»-rfJl 

CjIp j~j (. <GIJl*IJL« ^y T„Li.« 

jJL- of iUi^Vl oL5 i[ (oL„>Jl ^i) vJ>*Jl Oj-SOl £J>jJ %~ ^ju- 
.>w»t» yt^f jjali, Jj il^j % l f ^jb- U^l^ «UaJl JlS^if 

quanta ioL^i ^ jU iilkJli .L>^>^ ^-J ^.Vl of jljj 
<Jj\j cJlS" ^li . Plank's constant niAJ^i oli L« t y^p Lf*>»>- i-iiji 
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t iL*\jA JJUaJI cJLSJ t iJLi)l t> u* 1j**> tfjl— J «^">L>» 

: ^jl — ; «^iJL;!>Lj)) LzAJ of ^1 .0 Lp> >_a!L oL>> iiU* Oj-£j 
alX JjU Lb- Ul>j .i-JLS /^jl 0. 0000000000000000000000000066 

. JjiaJlj i»jla>- 

J_JL» _j jL^ol ^j* I i j t Lf< jj^ij ^-o^l">> j j-tj *-L~Jl tw-S^I 
js-^i fj JJj . o_^Jl >S> ^ ^jVl of j^ljil ^ j**jJli ^ c^ilUJ 

oLiL^JI ^1 ^-jJL 4_*a5lj LjjjS' ^j-i t^rf^L>JJ s^jJ)) l»f 

US' .iSj>i}\ tf> <Jlji5j t<uoUJl i-L-silU (((jjjjj)) Ajjiai J-iJ ti»j ^l* 
J_sOj JLJj .((^j—jsJb [jjjJlj-i] l—iS ^t_jjlj_^aJl ^Ua_J j—Sjj—j 

iJL?*Jl oipl ^ SJ^Ij tij^ t^bji ij\ Voyager II «2_y«-Ljy» 
OJUfj t(»S\Jl *-djia-^ jJL>Jl jJL>« of (_Lij 'j— ^ ^-—U' O^riJl 

tjjf LijjLi iSLUI l5 Lp i»U>Jl fjL* L^j Lj cAjjIj>JI a-^UjjJI ^jJlj* 
c-jw?j L«5 . ^yliJl OjJlill ' ^j; entropy '"'Lj^Nl S**i>Jl SiUjJlj 
5^1 jf (i-Sj>Jl ^jJl ^ly Jtt iillaJI JLp JMisJl ^ <i>>-f (jJly 
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((Jj^L-i) CJLS - dJJ15j .i-iLi^l *->__Jlj (Jjl^l ^>Jlj -Uiljdl 
t^y^fco Jj«j jp- t i_>w-l j L^v»j>- c-i; JLi) . 4 ; ... : la tUj-^U Maxwell 

Ja__Jl ^s^JL. t iJ_>L^ iJUJ! ob>Jl jUpI j£-> t £-ijL. 

IjUJf j£j tolJUL ^Jl^J^i-jbU a_,Oj>^ ^Jal i. quantum Weirdness 
^Jl UU> j Uf 0j£> Ji j . l^jLij JjUuNl j-JL jjiJl of jJ^j N iji-ii 

.LIS «i)jJull» 

*->ujYl O^LiJl ja ii*>U Ju»jj" 0*5^»L ijjal ^j>-y J* ->-Vt 

. ii*Jl «Jb^Jl JL>*Jl i;^* J-^J^' 

olj-v».>o.ll j olj_>«Jl jjJaJ Jj->- A_d.Jl.Ul _»L_Jl ^j^jj 4»bj-Jl ^j-SiJI 

. La jjCj t ^iiij l 
Jj_if ^j^j US' Jilj <-»j~> i^^Up JSCij pJl Aij*; U JS of 

. ojj^ U I Jl^J of Jlixtf 



